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PREFACE 



The purpose of this manual is to provide naval personnel v/ith an in- 
formative'^ handbook. It contains data pertinent to a variety of tools and 
may be used as a supplement to other training manuals. 

The satisfactory performance of modern technical equipment used by 
the Navy depends, to a great extent, upon adherence to approved mainte- 
nance procedures and the proper use of the correct tools. 

The objectives of this manual, then, are to aid In the maintenance ef- 
fort by 

(a) providing descriptions, general uses, correct operation, and ap- 
proved maintenance procedures for those ha;;^tools and power tools 
commonly u3ed in the Navy. 

(b) indoctrinating all personnel engaged in maintenance work with the 
importance of good worKmanship. 

(c) preventing and minimizing personal injury and equipment damage 
by emphasizing good safety practices. 

Upon completion of this manual, you should be aDle to identify tools 
and fastening devices by their correct names; cite the specific purposes 
and uses of each tool; describe the correct operation, care and mainte- 
nance required to keep the tools in proper operating condition; and 
finally, perform accurate measurements. 

Chapter 1 describes impact tools (hammers, mallets, and sledges), 
tvt'i sting and turning tools (wrenches and screwdrivers), woodcutting tools 
(wood saws, planes, wood chisels), metal cutting tools (chisels, dies, 
drills, files, hacksaws, punches, reamers, taps), holding tools (clamps, 
pliers, and vises), miscellaneous tools (krilves, mechanical fingers, in- 
spection mirrors), saiety equipment (gloves, goggles, hard hats), and 
safety rules . 

Chapter 2 describes pneumatic and electrically powered tools. Drills, 
sanders, grinders and scalers are some of the tools discussed. 

Certain tools are especially useful for measuring purposes. For this 
reason, rules, tapes, calipers, micrometers and squares, together with 
techniques for using them are placed in Chapter 3. 

Although fasteners are not properly classified as tools, they are used 
extensively with tools. Chapter 4 describes such fasteners as bolts, 
cotter pins, nails, nuts, rivets, screws, special speed fasteners (Dzus 
and Camloc types), and several methods for safetylng some of these 
components. 

Chapter 5 discusses abrasive wheels and methods for grinding and 
sharpening chisels, drills, punches, and snips. 

Metal cutting operations using the chisel, drill, reamer and several 
types of thread cutters are described In Chapter 6, 

The final chapter describes miscellaneous tasks the student may en- 
counter. These Include bending and flaring tubing, removing broken 
bolts, studs and taps, stripping Insulated wire, and several soldering 
techniques and lubrication procedures. 

As one of the Navy Training Manuals, this book was prepared by the 
Training Publications Division, Naval Personnel Program Support Activ- 
ity, Washington, D.C., for the Bureau of Naval Personnel. 

Special assistance has been rendered by various Navy personnel spe- 
cially cognizant of the handtools and portable power tools used, and the 
work operations In which they are chiefly employed. 

UNITED STATES 
GOVERNMENT PRINTING OFFICE 
WASHINGTON D.C. : 1971 

Stock Ordering Ho. 
; 0500^029-0010 
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THE UNITED STATES NAVY 



GUARDIAN OF OUR COUNTRY 

The United States Navy is respons»ble for maintaining control of the sea 
and is a rt^dy force on .vatch at home and overseas, capable of strong 
act'nn to preserve the peace or of instant offensive action to win in war. 

It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 

WE SERVE WITH HONOR 

Tradition, valor, and v ciory a>e the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 

THE FUTURE OF THE NAVY 

The Navy will always employ new wespons. new techniques, and 
greater pwwer to protect and defend the United States on the sea. under 
the sea. and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive pow^r are the keynotes of 
the new Navy. The roots of the Navy lie in a 5trong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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SUGGESTIONS FOR USING THIS BOOK 



Many people do not know how to study. The following suggestions 
might improve your study habits and enable you to learn more from this 
book, 

• Set up a regular study plan. It will probably be easier for you to stick 
to a schedule if you can plan to study at the same time each day. If 
possible, schedule your studying for a time of day when you will not 
have too many interruptions or distractions, 

• Before you begin to study any part of the training manual Intensively, 
become familiar witK the entire book. Read the preface and the table 
of contents. Check through the index. Thumb through the book with- 
out any particular plan, looking at the illustrations and reading bits 
here and there as you see things that interest you, 

• Look at the training manual in more detail, to see how It is organized. 
Look at the table of contents again. Then, chapter by chapter, read 
the Introduction, the headings, and the subheadings. This will give you 
a pretty clear picture of the scope and content of the book. As you 
look through the book in this way, ask yourself some questions: What 
do I need to learn about this? What do I already know about this? 
How is this information related to information given in other chap- 
ters? How is this information related to the qualifications for ad- 
vancement in rating? 

• When you have a general idea of what is in the training manual and 
how it is organized, fill in the details by intensive study. In each 
study period, try to cover a complete unit— it may be a chapter, a 
section of a chapter, or a subsection. The amount of material that 
you can cover at one time will vary. If you know the subject well, or 
If the material Is easy, you can cover quite a lot at one time. Diffi- 
cult or unfamiliar material will require more study time, 

• In studying any one unit— chapter, section, or subsection— write down 
the questions that occur to you. Many people find It helpful to make a 
written outline of the unit as they study, or at least to write down the 
most important ideas, 

• As you study, relate the information in the training manual to the 
knowledge you already have, ^^en you read about a process, a skill, 
or a situation, try to see how this information ties in with your own 
past experience, 

• When you have finished studying a unit, take time out to see what you 
have learned. Look back over your notes and questions. Maybe some 
of your questions have been answered, but perhaps you still have some 
that are not answered. Ask one of your senior petty officers or ship- 
mates for assistance. Without looking at the training manual, write 
down the main ideas that you have gotten from studying this unit. 
Don't just quote the book. If you can't give these ideas in your own 
words, the chances are that you have not really mastered the 
Information, 

• Think of YOUR future as you study Navy Training Manuals. You are 
working for advancement to third class or second class right now, but 
someday you will be working toward higher rates. Anything extra that 
you can learn now will help you both now and later. 



• If you desire information about a specific tool or operation, simply 
refer to the index at the alphabetical end of the bcu': and then turn to 
the pages to which you are directed by that index. 

Always keep in mind that a knowledge of the tools and their funda- 
mental uses is the preliminary step in mastering the basic handtool 
skills. The next step is careful practice until you have mastered the 
various skills involved. The end result must be that you become capa- 
ble of performing required operations, and of meeting the standards es- 
tablished in your rating qualifications. To accomplish this final result, 
you must first STUDY the tools and skills; then, you musi PRACTICE 
the skUls; and finally, you must DEMONSTRATE the skills. 



vl 



8 



CHAPTER 1 

COMMON HANDTOOLS 



Tools are designed to make a job easier and 
enable you to work more efficiently. Tools are 
a craftsman's best friend. (A craf^r^man is a 
master of any one of a number of trades such 
as a machinist, carpenter, hull technician, 
builder, or steelworker.) If the tools are not 
used properly or cared for, their advantages 
will be lost. Without them a craftsman is as 
helpless as he would be without his eyes. In 
fact, he would be more helpless, for a blind 
mechanic or craftsman skilled in the use of 
good tools and having them available, can do 
more than the most expert mechanic without 
tools. 

Regardless of the type of work to be done, a 
craftsman must have, choose, and use the cor- 
rect tools in order to do his work quickly, ac- 
curately, and safely. Without the proper tools 
and the knowledge of how to use them, he wastes 
time, reduces his efficiency, and may even in- 
jure himself. This chapter explains the spe- 
cific purposes, correct use, and proper care of 
the more common tools you may encounter in 
your Navy career, 

THE MOST VALUABLE TOOLS 
IN THE WORLD 

What would you pay for THE MOST VALU- 
ABLE TOOLS IN THE WORLD? These tools 
can help you grip, grasp, push, twist and help 
you operate equipment. Furthermore, these re- 
markable tools can distinguish temperature 
variations and are sensitive to touch. It is im- 
possible to pui'chase such tools . . . they are 
your hands! 

These fabulous tools are subject to injury by 
being caught in machines, crushed by objects, 
or cut by a variety of sharp edged tools such as 
chisels, knives, or saws. Additionally, your 
hands can be damaged by being burnt, frac- 
tured or sprained unless you are always alert. 

Why? Because they cannot THINK for them- 
selves. PROTECT THEM. They are Invalu- 
able. KEEP ALERT while you work. THINK as 
you work. THINK before you make adjustments 
to machinery. Has the electric power been 



turned off? Are the required guards on tlie ma- 
chinery? Is the object on which you are going 
to work properly secured and clamped? 

Protect your hands from Injury as directed 
by the applicable safety instructions whenever 
you use tools. You will be working under se- 
vere handicaps without the full use of both 
hands. Make it a habit to FOLLOW ALL 
SAFETY RULES. 

TEN COV.MANDMENTS 

Obey the ten commandments of safety: 

1. LEARN the safe way *o do your job be- 
fore you start. 

2. THINK safety, and ACT safety at all 
times. 

3. OBEY safety rules and regulations— they 
are for your protection. 

4. WEAR proper clothing and protective 
equipment. 

CONDUCT yourself properly at all 
times— horseplay is prohibited. 

6. OPERATE only the equipmont you are 
authorized to use. 

7. INSPECT tools and equipment for safe 
condition before starting work. 

8. ADVISE your superior promptly of any 
unsafe conditions or practice. 

9. REPORT any injury immediately to your 
superior. 

10. SUPPORT your safety program and take 
an active part in safety meetings. 

In addition to the above, there are other good 
tool habits which will help you perform your 
work more efficiently as well as safely. 

TOOL HABITS 

"A place for ever3rthing and everything In Its 
place" Is just common sense. You can't do an 
efficient, fast repair job If you have to stop and 
look around for each tool you need. The follow- 
ing rules. If followed, will make your job easier 
for you. 
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TOOLS AND THEIR USES 



KEEP EACH TOOL IN ITS PROPER STOW> 
AGE PLACE*— A tool is useless if you cannot 
find it* K you return each tool to its proper 
place, you'll know where it is the next time you 
need it* 

KEEP YOUR TOOLS IN GOOD CONDITION*- 
Protect them from rust, nicks, burrs, and 
breakage* 

KEEP YOUR TOOL ALLOWANCE COM- 
PLETE*— If you are issued a tool box (fig* 1-1), 
each tool should be placed in it when not in use* 
If possible, the box should be locked and storc^d 
in a designated area. Note: Never leave the 
handbox adrift where it could become a missile 
and cause injury to personnel* An inventory list 
retained in the box and checked after each job 
will help you keep track of your tools* 

USE EACH TOOL ONLY ON THE JOB FOR 
WHICH IT WAS DESIGNED*-K you use the 
wrong tool to make an adjustment, the results 
will probably be unsatisfactory* For example, 
if you use a socket wrench that's a trifle too 
big, you'll round off the corners of the wrench 
or nut* If this rounded wrench or nut is not re- 
placed immediately the safety of your ship may 
be jeopardized in an emergency. Does this 
sound exaggerated? Remember * * * for want of 
a nail, a kingdom was lost* 

KEEP YOUR TOOLS WITHIN EASY REACH 
AND WHERE THEY CANNOT FALL ON THE 
FLOOR OR MACHINERY*- Avoid placing tools 
anywhere above machinery or electrical appa- 
ratus* Serious damage will result if the tool 
falls into the machinery after the equipment is 
energized* 




NEVER USE DAMAGED TOOLS. ~A bat- 
tered screwdriver may slip and spu:i the screw 
slot, damage other parts, or cause jxiinful 
injury. A gage strained out of shape will result 
in inaccurate measurements. 

Remember, the efficiency of a craftsman 
and the tools he uses are determined to a great 
extent by the way he keeps his tools. Likewise, 
he is frequently judged by the manner in which 
he handles and cares for them. Anyone watch- 
ing a skilled craftsman at his work notices the 
care and pi'ecision with which he uses the tools 
of his trade. 

The care of hand tools should follow the 
same pattern as for personal articles; that is, 
always keep hand tools clean and free from dirt, 
grease, and foreign matter. After use, return 
tools promptly to their proper place in the tool- 
box* Improve your own efficiency by organizing 
your tools so that those used most frequently 
can be reached easily without digging through 
the entire contents of the box. Avoid accumu- 
lating unnecessary junk. 




CROSS P£EN SCRCW-tN NSERTEO RUBBER 
SLEDOE PLASTIC FACE MALUET 



56.37(44B) 
Figure 1-1.— Standard Navy toolbox. 



5.5(44B)A 

Figure 1-2.— Hammers, mallets and sledges. 



ERIC 



10 



CnaptMF 1-COMMON HANDTOOLS 



STRIKING TOOLS 

Hammers, mallets, and sledges are used to 
apply a striking force. The tool you select (fig. 
1-2) will depend upon the intended application. 

HAMMERS 

A toolkit for nearly every rating in the Navy 
would not be complete without at least one ham- 
mer. In most cases, two or three are included 
since they are designated according to weight 
(without the handle) and style or shape. The 
shape (fig, 1-2) will vary according to the in- 
tended work. The carpenter's hammer is de- 
signed for one purpose whilu the machinist's 
hammer has other primary functions. 

Carpenter's Hammer 

The primary use of the carpenter's hammer 
is to drive or draw (pull) nails. Note the names 
of the various parts of the hammer shown in 
figure 1-2, The carpenter's hammer has either 
a curved or straight claw. The face may be 
either bell-faced or plain- faced, and the handle 
may be made of wood or steel. The carpenter's 
hammer generally used in the Navy has a 
curved claw, bell face, and wooden handle. 

Machinist's Hammer 

Machinist's hammers are mostly used by 
people who work with metal or around machin- 
ery. These hammers are distinguished from 
carpenter hammers by a variable- shaped peen, 
rather than a claw, at the opposite end of the 
face (fig, 1-2). The ball-peen hammer is prob- 
ably most familiar to you. 

The ball-peen hammer, as its name im- 
plies, has a ball which is smaller in diameter 
than the face. It is therefore useful for striking 
areas that are too small for the face to enter. 

Ball-peen hammers are made in different 
weights, usually 4,6,8, and 12 ounces and 1, 
1 1/2, and 2 pounds. For most work a 1 1/2- 
pound and a 12-ounce hammer will suffice. 
However, a 4- or 6-ounce hammer will often be 
used for light work such as tapping a punch to 
cut gaskets out of sheet gasket material. 

Machinist's hammers maybe further divided 
into hard- face and soft-face classifications. 
The hard-faced hammer Is made of forged tool 
steel while the soft-faced liammers have a head 
made from brass, lead, or a tightly rolled strip 



of rawhide. Plastic-tipped hammers, or solid 
plastic with a lead core for added welglit, are 
becoming increasingly popular. 

Soft-faced hammers, (fig. 1-2) should be 
used when there Is danger of damaging the sur- 
face of the work, as when pounding on a ma- 
chined surface. Most soft-faced hammers have 
heads that can be replaced as the need arises. 
Lead-faced hammers, for Instance, quickly be- 
come battered and must be replaced, but have 
the advantage of striking a solid, heavy nonre- 
boundlng blow that Is useful for such jobs as 
driving shafts into or out of tight holes. If a 
soft-faced hammer Is not available, the surface 
to be hammered may be protected by covering 
It with a piece of soft brass, copper, or hard 
wood. 

Using Hammers 

Simple as the hammer Is, there Is a right 
and wrong way of using It, (See fig. 1-30 The 
most common fault Is holding the liandle too 
close to the head. This Is known as choking the 




5.5a(44A) 

Figure 1-3.— Right and wrong way to use a 
ball-peen hammer. 
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hammer, and reduces the force of the blow. It 
also makes it harder to hold the head in an up- 
right position. Except for light blows, hold the 
handle close to the end to increase the lever 
arm and produce a more effective blow. Hold 
the handle with the fingers underneath and the 
thumb along side or on top of the handle. The 
thumb should rest on the handle and never over- 
lap the fingers. Try to hit the object with the 
full force of the hammer. Hold the hammer at 
such an angle that the face of the hammer and 
the surface of the object being hit will be paral- 
lel. This distributes the force of the blow over 
the full face and prevents damage to both the 
surfaQe being struckand the face of thehammer. 

MALLETS AND SLEDGES 

The mallet is a short-handled tool used to 
drive wooden-hariled chisels, gouges, wooden 
pins, or form or shape sheet metal where hard- 
faced hammers would mar or injure the finished 
work. Mallet heads are made from a soft ma- 
terial , usually wood, rawhide, or rubber. For 
example, a rubber-faced mallet is used for 
knocking out dents in an automobile. It is 
cyllndrically shaped with two flat driving faces 
k'hat are reinforced with iron bands. (See fig. 
1-2.) Never use a mallet to drive nails, screws, 
or any object that may cause damage to the 
face. 

The sledge Is a steel headed, heavy duty 
driving tool that can be used for a number of 
purposes. Short-handled sledges are used to 
drive bolts, driftplns, and large nails, and to 
strike cold chisels and small hand rock drills. 
Long-handled sledges are used to break rock 
and concrete, to drive spikes, bolts, or stakes, 
and to strike rock drills and chisels. 




5.5(44B)B 

Figure 1-4.— Handle expanded 
In hammer head by wedges. 



I'iui head of a sledge is generally made of a 
high carbon steel and may weigh from 6 to 16 
lb. The shape of the head will vnry according 
to the job for which the sledge i& designed. 

MAINTENANCE OF 
STRIKING TOOLS 

Hammers, sledges, or n^allets should be 
cleaned and repaired If necessary before they 
are stored. Before using, ensure that the faces 
are free from oil or other material that would 
cause the tool to glance off nails, spikes, or 
stakes. The heads should be dressed to re- 
move any battered edges. 

Never leave a wooden or rawhide mallet In 
the sun, as it will dry out and may cause the 
head to crack. A light film of oil should be left 
on the iTiallet to maintain a little moisture In the 
head. 

The hammer handle should always be tlgiit 
in the head. If it is loose the head may tly of^ 
and cause an injury. The eye or hole in the 
hammer head is made with a slight taper In 
both directions from the center. After the 
handle, which Is tapered to fit the eye. Is In- 
serted in the head, a st^el or wooden wedge Is 
driven into the end of the handle that Is lnser*,OK! 
into the head. This wedge expands the handle 
and causes it to fill the opposite taper in tise 
eye. Thus the handle is wedged in both direc- 
tions as shown in figure 1«4. If the wedge 
starts to come out, it should be driven In again 
to tighten the handle. If the wedge comes o\5t, 
replace It before continuing to use the hammer. 
If you cannot get another wedge right away, you 
niay file one out of a piece of flat steel, or cut 




1.16.1 

Figure 1-5.— Open-end wrenches. 
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one from a portion of the tang of a wornout file. 
The tang Is the end of the file that fits Into the 
handle. 

SAFETY PRECAUTIONS 

Hammers are dangerous tools when used 
carelessly and without consideration. Practice 
win help you learn to use a hammer properly. 

Some Important things to remember when 
using a hammer or mallet follow: 

• Do not use a hammer handle for bumping 
parts In assembly, and never use It as a pry 
bar. Such abuses will cause the handle to split, 
and a split handle can produce bad cuts or 
pinches. When a handle splits or cracks, do not 
try to repair It by binding with string or wire. 
REPLACE IT. 

• Make sure the handle fits tightly on the 
head. 

• Do not strike a hardenc tcel surface 
with a steel hammer. Small plecos of steel may 
break off and Injure someone In the eye or dam- 
age the work. However, It Is permissible to 
strike a punch or chisel directly with the ball- 
peen hammer because the steel in the heads of 
punches and chisels Is slightly miter than that 
of the hammerhead. 

TURNING TOOLS (WRENCHES) 

A wrench Is a basic tool that Is used to exert 
a twisting force on bolt heads, nuts, studs and 
pipes. The special wrenches designed to do 
certain Jobs are. In most cases, variations of 
the basic wrenches thatwM, L„ described Intni^ 
section. 

Some ratings will nu iralJv have worn use 
for wrenches In doing thou y.aa than other rat- 
ings; however, practically all ratings, including 
clerical, will have occasion, from time to time, 
to use wrenches. It Is necessary, therefore, 
that all hands liave a basic understanding of tliu 
description and uses of wrrnches. 

The best wrenches arc made of chrome va- 
nadium steel. Wrenches made of this aiatorlal 
are llglit In weight and almost unbreakable. 
This Is an expensive material, however, so the 
most common wrenches found In the Navy are 
made of forged cark)<)n steel or molylxlenum 
steel. These latter materials make good 
wrenches, but they are generally built a little 
heavier and bulkier in order to achieve tlie 
same degree of striHiKtli chrcnne vanadium 
steel. 



The size of any wrench used on bolt-heads 
or nuts Is determined by Uie size of the opening 
between the jaws of the wrench. The opening of 
a wrench Is manufactured slightly larger than 
the b '/ head or nut that It Is designed to fit. 
HeX' V^ (p<x-slded) and other types of nut or 
bolt a h ire measured across opposite flats 
(fig. ! '> A wrench that Is designed to fit a 
3/8-ln( t or bolt usually lias a clearance of 
from 5 tv. d thousandths oi an Inch. This clear- 
ance allows the wrench to slide on and off the 
nut or bolt with a minimum of "play." If the 
wrench Is too large, the points of the nut or 
bolt head will be rounded and destroyed. 

There are many types of wrenches. Each 
type >3 designed for a specific use. Let's dis- 
cuss some of them. 

OPEN-END WRENCHES 

Solid, nonadjustable wrenches with open- 
ings In one or both ends are called open-end 
wrenches. (See fig. 1-5.) Usually they come In 
sets of from 6 to 10 wrenches with sizes rang- 
ing from 5/16 to 1 Inch. Wrenches with small 
openings are usually shorter than wrenches 
with large openings. This proportions the lever 
advantage of the wrench to the bolt or etud and 
helps prevent wrench breakage or danruige to the 
bolt or stud. One exception exists. 

Aircraft today are built in a very compact 
manner; and generally, many of the hydraulic 




1.16(44D)A 

Figure 1-6.— Hydraulic wranchos. 
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). WRENCH, WITH OPENING SLOPING TO THE LEf-T, ABOUT TO 
BE PLACLD ON NUT. 

?. WRENCH POSITIONED AND READY TO TIGHTEN NUT. NOTE 
THAT SPACE FOR SWINGING THE WRENCH IS LIMITED, 

3. WRfiNCH HAS BEEN MOVED CLOCKWISE TO TIGHTEN THE 
NUT AND NOW STRIKES THE CASTING WHICH PREVENTS 
FURTHER MOVEMENT. 

4. WRENCH IS REMOVED FROM NUT AND TURNED COUNTER 
CLOCKWISE TO BE PLACED ON THE NEXT SET OF FLATS 
ON NUT. BUT CORNER OF CASTING PREVENTS WRENCH 
FROM FITTING ONTO THE NUT. 

5. WRENCH IS BEING FLOPPED OVER SO THAT WRENCH 
OPENING WILL SLOPE TO THE RIGHT, 

6. IN THIS FLOPPED POSITION, THE WRENCH WILL FIT THE 
NEXT TWO FLATS ON THE NUT. 

7. WRENCH NOW I S PULL E D CL OCK W| SE TO FURTHER 
TIGflTEN NUT UNTIL WRENCH AGAIN STRIK ES C ASTI NG. 
BY REPEATING THE FLOPPING PROCEDURE, THE NUT 
CAN BE TURNED UNTIL IT IS TIGHT. 



1.1 0(44 D)DX 

If/uro 1-7.— Um() of opon-cnd wronch. 
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Installations are in close spaces. During cer- 
tain phases of hydraulic maintenance It may be 
Impossible to swing an ordinary wrench due to 
Its length. Ordinary wrenches that are normally 
available Increase In length as their size In- 
creases. Thus, when a large size wrench Is 
needed, the length of the wrench sometimes 
prevents Its use, due to the space available to 
swing the wrench. The Bonney wrench shown 
In figure 1-6, Is an open-end wrench that may 
be used to great advantage due to Its thickness 
and short length. This wrench Is normally pro- 
cured In the larger sizes, although It Is avail- 
able In a range of sizes to fit all aircraft hy- 
draulic fittings. 

Open- end wrenches may have their jaws 
parallel to the handle or at angles anywhere up 
to 90 degrees. The average angle is 15 degrees 
(fig. 1-5). This angular displacement variation 
permits selection of a wrench suited for places 
where there Is room to make only a part of a 
complete turn of a nut or bolt. If the wrench 
Is turned over after the first swing. It will fit 
on the same flats and turn the nut farther. 
After two swings on the wrench, the nut Is 
turned far enough so that a new set of flats are 
In position for the wrench as shown In figure 
1-7. 

Handles are usually straight, but may be 
curved. Those with curved handles are called 
S-wrenches. Other open-end wrenches may 
have offset handles. This allows the head to 
reach nut or bolt heads that are sunk below the 
surface. 

BOX WRENCHES 

Box wrenches (fig. 1-8) are safer than open- 
end wrenches since there Is less likelihood they 
will slip off the work. They completely sur- 
round or box a nut or bolt head. 

The most frequently used box wrench has 12 
points or notches arranged In a circle In the 
head and can be used with a minimum swing 
angle of 30 degrees. Six and eight point 
wrenches are used for heavy, 12 for medium, 
and 16 for light duty only. 




1.16.2 

Figure 1-8.— 12-polnt box-end wrench. 



One advantage of the 12 point construction Is 
the thin wall. It Is more suitable for turning 
nuts which are hard to get at with an open-end 
wrench. Another advantage Is that the wrench 
win operate between obstructions where the 
space for handle swing Is limited. A very short 
swing of the handle will turn the nut far enoug^i 
to allow the wrench to be lifted and the next set 
of points fitted to the corners of the nut. 

One disadvantage of the box-end wrench Is 
the loss of time which occurs whenever a 
craftsman has to lift the wrench off and place It 
back on the nut In another position In case there 
Is Insufficient clearance to spin the wrench In 
a full circle. 

COMBINATION WRENCH 

After a tight nut Is broken loose. It can be 
unscrewed much more quickly with an open-end 
wrench than with a box-wrench. This Is where 
a combination box-open end wrench (fig. 1-9) 
comes in handy. You can use the box-end for 
breaking nuts loose or for snugging them down, 
and the open-end for faster turning. 

The box-end portion of the wrench can be 
designed with an offset In the handle. Notice In 
figure 1-9, how the 15-degree offset allows 
clearance over nearby parts. 

The correct use of open-end and box-end 
wrenches can be summed up In a few simple 
rules, most Important Of which is to be sure 
that the wrench properly fits the nut or bolt 
head. 

When you have to pull hard on the wrench, 
as In loosening a tight nut, make sure the 
wrench Is seated squarely on the flats of the 
nut. 

PULL on the wrench- DO NOT PUSH. Push- 
ing a wrench Is a good way to skin your 
knuckles If the wrench slips or the nut breaks 
loose unexpectedly. If It Is Impossible to pull 
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Figure 1-9.— Combination wrench. 
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Figure 1-10.— Socket set components. 

The bom way to tighten a nut Is to tiu'n It until 
the wrench has a firm, solid "feel." This will 
turn the nut to proper tightness without strip- 
ping the threads or twisting off the bolt* This 
"feel" Is developed by experience alone. Prac- 
tice until you have mastered the "feel." 

scx:ket wrench 

The socket wrench Is one of the most versa- 
tile wrenches In the toolbox. Basically, It con- 
sists of a handle and a socket type wrench which 
can be attached to the handle. 

The "Splntlte" wrench shown In figure 1-10, 
Is a special type of socket wrench* It has a hol- 
low shaft to accommodate a bolt protruding 
through a nut, has a hexagonal head, and Is used 
like a screwdriver. It Is supplied In smaU 
sizes only and Is useful for assembly and elec- 
trical work. When used for the latter purpose, 
It must have an Insulated handle* 

A complete socketwrench set consists of sev- 
eral types of handles along with bar extensions, 
adapters, and a variety of sockets (fig. 1-10). 




Socket end Drive and 
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Figure 1-11.— 12-polnt sockets. 

the wrench, and you must push, do It with the 
palm of your hand and hold your plm open. 

Only actual practice will tell you if you are 
using the right amount of force on the wrench. 
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Sockets 

A socket (fig. 1-11) lias a square opening cut 
in one end to fit a square drive lug on a detach- 
able handle. In the other end of the socket Is a 
6-polnt or 12-polnt opening very much like the 
opening In the box end wrench. The 12-polnt 
socket needs to be swung only half as far as the 
6*polnt socket before It has to be lifted and 
fitted on the nut for a new grip. It can there- 
fore be used In closer quarters wl/ero there Is 
less room to move the handle. ('^ ratchet 
handle eliminates the necessity of lifting the 
socket and refitting it on nut ag-^in and 
again. 

Sockets are classified for btzt r cconllu . to 
two factors. One Is the size oi' in*- square open- 
ing, which fits on the square di l t> lug of the 
handle. This size Is known as the drive size. 
The other Is the size of the opening In the oppo- 
site end, which fits the nut or bolt. The stand- 
ard toolbox can be outfitted with sockets having 
1/4- , 3/8-, and 1/2-lnch-square drive lugs. 
Larger sets are usually available in th? tool- 
room for temporary checkout. The opeui- :5s 
that fit onto the bolt or nut are usually i' :A\x- 
ated In 1/16-lnch sizes. Sockets are also i^de 
In deep lengths to fit over spark plugs and long 
bolt ends. 

Socket Handles 

There are four types of handles used with 
these sockets. (See fig. 1-10.) Each type has 
special advantages, and the experienced worker 
chooses the one best suited for the }ob at hand. 
The square driving lug on the socket wrench 
handles has a spring-loaded ball that fits Into a 
recess In the socket receptacle. This mated 
ball-recess feature keeps the socket engaged 
with the drive lug during normal usage. A 
slight pull on the socket, however, disassembles 
the connection. 

RATCHET.— The ratchet handle has a r 
versing lever which operates a pawl (or dog) 
Inside the head of the tool. Pulling the handle 
In one direction causes the pawl to engage in 
the ratchet teeth and turn Hie socket. Moving 
the handle In the opposite rUroctlon causes the 
pawl to slide over the teeth, permitting the 
handle to back up without moving the socket. 
This allows rapid turning of the nut or bolt 
after each partial turn of the handle. With the 
reversing lever In one position, the handle can 



be used for tightening. In the other position. It 
can be used for loosening. 

HINGED HANDLE. -The hinged handle Is 
also very convenient. To loosen tl^t nuts, 
swing the handle at right angles to the socket. 
This gives the greatest possible leverage. After 
loosening the nut to the point where It turns 
easily, move the handle into the vertical posi- 
tion and then turn the handle with the fingers. 

SLIDING T- BAR HANDLE. -When using the 
sliding bar or T-handle, the head can be posi- 
tioned anywhere along the sliding bar. Select 
the position which is needed for the job at hand. 

SPEED HANDLE .-The speed handle Is 
worked like the wood-worker's brace. Alter the 
nuts are first loosened with the sliding bar han- 
dle or the ratchet handle, the speed handle can 
be used to remove the nuts more quickly. In 
many Instances the speed handle Is not ^rong 
enough to be used for breaking loose or tighten- 
ing the nut. The speed socket wrench should be 
used carefully to avoid damaging the nut threads. 

Accessories 

To complete the socket wrench set, there 
are several accessory Items. Extension bars 
of different lengths are made to extend the dis- 
tance from the socket to the handle. A univer- 
sal Joint allows the nut to be turned with the 
wrench handle at an angle. Universal sockets 
are also available. The use of universal Joints, 
bar extensions, and universal sockets In com- 
bination with appropriate handles makes It pos- 
sible to form a variety of tools that will reach 
otherwise Inaccessible nuts and bolts. 

Another accessory Item Is an adapter which 
allows you to use a handle having one size of 
drive and a socket having a different size drive. 
For example, a 3/8- by l/4-lnch adapter makes 
It possible to turn all l/4-lnch square drive 
sockets with any 3/8-lnch-square drive handle. 

TORQUE WRENCHES 

There are times when, for engineering rea- 
sons, a definite force must be applied to a nut 
or bolt head. In such cases a torque wrench 
must be used. For example, equal force must 
be applied to all the head bolts of an engine. 
Otherwise, one bolt may bear the brunt of the 
force of Internal combustion and ultimately 
cause engine failure. 
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Figure 1-12.— Torque wrenches. 
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Figure 1-13. -Adjustable 
wrenches. 

The three most commonly used torque 
wrenches are the Deflecting Beam, Dial In- 
dicating, and Micrometer Sotting types (fig. 
1-12). When using the Deflecting Ooam and the 



Dial Indicating torque wrenches, the torque Is 
read visually on a dial or scale mounted on the 
handle of the wrench. 

To use the Micrometer Setting type, unlock 
the grip and adjust the handle to the desired 
setting on the micrometer type scale, then re- 
lock the grip. Install the required socket or 
adapter to the square drive of the handle. Place 
the wrench assembly on the nut or bolt and pull 
In a clockwise direction with a smooth, steady 
motion. (A fast or jerky motion will result In 
an Improperly torqued unit.) When the torque 
applied reaches the torque value, which Is Indi- 
cated on the handle setting, a signal mechanism 
win automatically Issue an audible click, and 
the handle will release or "break," and move 
freely for a short distance. The release and 
free travel Is easily felt, so there Is no doubt 
about when the torqulng process Is complete. 

Manufacturers' and technical manuals gen- 
erally specify the amount of torque to be 
applied. To assure getting the correct amount 
of torque on the fasteners. It Is Important that 
the wrench be used properly In accordance with 
manufacturers' Instructions. 

Use that torque wrench which will read about 
mid- range for the amount of torque to be ap- 
plied. BE SURE THAT THE TORQUE WRENCH 
HAS BEEN CALIBRATED BEFORE YOU USE 
IT. Remember, too, that the accuracy of torque- 
measuring depends a lot on how the threads are 
cut and the cleanliness of the threads. Make 
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sure you Inspect and clean the threads. If the 
manufacturer specifies a thread lubricant, it 
must be used to obtain the most accurate torque 
reading. When using the Deflecting Beam or 
Dial Indicating wrenches, hold the torque at the 
desired value until the reading is steady. 

Torque wrenches are delicate and expensive 
tools. The following precautions should be ob- 
served when using them: 

1. When using the Micrometer Setting type, 
do not move the setting handle below the lowest 
torque setting. However, it should be placed 
at Its lowest setting prior to returnin^^^ to 
storage. 

2. Do not use the . torque wrench to apply 
greater amounts of torque than its rated 
capacity. 

3. Do not use the torque wrench to break 
loose bolts which have been previously tightened. 

4. Do not drop the wrench. If dropped, the 
accuracy will be affected. 

5* Do not apply a torque wrench to a nut that 
has been tightened. Back off the nut one turn 
with a non-torque wrench and retighten to the 
correct torque with thelndlcatlngtorque wrench. 

6. Calibration Intervals have been es- 
tablished for all torque tools used In the Navy. 
When a tool Is calibrated by a qualified calibra- 
tion activity at a shipyard, tender, or repair 
ship, a label showing the next calibration due 
date Is attached to the handle. This date sliould 
be checked before a torque tool Is used to en- 
sure tliat It Is not overdue for calibration. 

ADJUSTABLE WRENCHES 

A handy all-round wrench that is generally 
liichided In every toolbox Is the adjustable 
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Figure 1-14.— Proper procedure for 
pulling adjustable wrenclies. 



open-end wrench. This wrench is not intended 
to take the place of the regular solid open-end 
wrench. Additionally, it is not built for use on 
extremely hard-to-turn items. Its usefulness 
is achieved by being capable of fitting odd- 
sized nuts. This flexibility is achieved although 
one jaw of the adjustable open-end wrench is 
fixed because the other jaw is moved along a 
slide by a thumbscrew adjustment (fig. 1-13). 
By turning the thumbscrew, the jaw opening 
may be adjusted to fit various sizes of nuts. 

Adjustable wrenches are available in vary- 
ing sizes ranging from 4 to 24 inches in length. 
The size of the wrench selected for a particular 
job is dependent upon the size of nut or bolt 
head to which the wrench is to be applied. As 
the jaw opening increases the length of the 
wrench increases. 

Adjustable wrenches are often called 
"knuckle busters," because mechanics fre- 
quently suffer these consequences as a result 
of improper usage of these tools. To avoid ac- 
cidents, follow four simple steps. First, choose 
a wrench of the correct size; that Is, do not pick 
a large 12-lnch wrench and adjust the Jaw for 
use on a 3/8-inch nut. This could result In a 
broken bolt and a bloody hand. Second, be sure 
the jaws of the correct size wrench are adjusted 
to fit snugly on the nut. Third, position the 
wrench around the nut until the nut Is all the 
way Into the throat of the jaws. If not used In 
this manner, the result Is apt to be as bloody 
as before. Fourth, pull the handle toward the 
side having the adjustable jaw (fig. 1-14). This 
will prevent the adjustable jaw from springing 
open and slipping off the nut. If the location of 
the work will not allow for all four steps to be 
followed when using an adjustable wrench, then 
select another type of wrench for the job. 

Pipe Wrench (Stlllson) 

When rotating or holding round work an ad- 
justable pipe wrench (Stlllson) may be used (fig. 
1-15). The movable jaw on a pipe wrench Is 




44.6 

Figure 1- 15.— Adjustable pipe wrench. 
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Figure 1- 16. -Chain pipe wrench. 
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Figure 1-17. -Strap wrench. 

pivoted to permit a gripping action on the work. 
This tool must be used with discretion, as the 
Jaws are serrated and always make marks on 
the work unless adequate precautions are ob- 
served. The jaws should be adjusted so the bite 
on the work will be taken at about the center of 
the jaws* 

Chain Pipe Wrench 

A different type pipe wrench, used mostly on 
large sizes of pipe, Is the chain/pipe wrench 
(fig* 1-16). This tool works In one direction 
only, but can be backed partly around the work 
and a fresh hold taken without freeing the chain* 
To reverse the operation the gn, is taken on 
the opposite side of the head* The head Is 




ADJUSTABLE HOOK SPANNER 




FACE PIN SPANNER 
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Figure 1-18. -General-purpose spanner 
wrenches. 



double ended andean be reversed when the teeth 
on one end are worn out* 

Strap Wrench 

The strap wrench (fig* 1-17) Is similar to 
the chain pipe wrench but usee a heavy web 
strap In place of the chain* This wrench Is 
used for turning pipe or cylinders where you 
do not want to mar the surface of the work* To 
use this wrench, the webbed strap la placed 



20 



Chapter 1-COMMON HANDTOOLS 




# 
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Figure 1-19.— Allen an ) Bristol type 
wrenches. 



around the cylinder and passed through the slot 
In the metal body of the wrench. The strap Is 
then pulled up tight and as the mechanic turns 
the wrench In the desired direction, the webbed 
strap tightens further around the cylinder. 
This gripping action causes the cylinder to 
turn. 

SPANNER WRENCHES 

Many special nuts are made with notches cut 
Into their outer edge. For these nuts a hook 
spanner (fig. 1-18) Is required. This wrench 
has a curved arm with a lug or hook on the end. 
This lug fits Into one of the notches of the nut 
and the handle turned to loosen or tighten the 
nut. This spanner may be made for just one 
particular size of notched nut, or It may have a 
hinged arm to adjust It to a range of sizes. 

Another type of spanner Is the pin spanner. 
Pin spanners have a pin In place of a hook. This 
pin fits Into a hole In the outer part of the nut. 

Face pin spanners are designed so that the 
pins fit Into holes In the face of the nut (fig. 
1-18). 

When you use a spanner wrench, you must 
ensure that the pins, lugs, or hooks make firm 
contact with the nut while the turning force Is 
transferred from the wrench to the nut. If this 
is not done, damage will result to either per- 
sonnel, tools, or equipment. 

SETSCREW WRENCHES 
(ALLEN AND BRISTOL) 

In some places It Is desirable to use re- 
cessed heads on setscrews and capscrews. One 
type (Allen) screw Is used extensively on office 
machines and In machine shops. The other 
t3rpe (Bristol) Is used Infrequently. 
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Figure 1-20. -Snips. 



Recessed head screws usually have a hex- 
shaped (six-sided) recess. To remove or tighten 
this type screw requires a special wrench that 
will fit In the recess. This wrench Is called an 
Allen-type wrench. Allen-type wrenches are 
nnade from hexagonal L- shaped bars of tool 
steel (fig. 1-19). They range In size up to 3/4 
Inch. When using the Allen-type wrench make 
sure you use the correct size to prevent round- 
ing or spreading the head of the screw. A snug 
fit within the recessed head of the screw Is an 
Indication that you have the correct size. 

The Bristol wrench Is made from round 
stock. It Is also L-shaped, but one end Is fluted 
to fit the flutes or little splines In the Bristol 
seLscrew (fig. 1-19). 

NONSPARKING WRENCHES 

Nonsparklng wrenches are wrenches that 
will not cause sparks to be generated when 
working with steel nuts and bolts. They are 
generally made from a copper alloy (bronze). 
However, they may be made from other non- 
sparking materials. 

Nonsparklngwrenches must be used In areas 
where flammable materials are present. These 
tools are used extensively when working around 
gasollno-carrylng vehicles and when working 
around aircraft or explosives. 
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SAFETY RULES FOR WRENCHES 

There are a few basic rules that you siiould 
keep in mind when using wrenches. They are: 

1. Always use a wrench that fits the nut 
properly. 

2. Keep wrenches clean and free from oil. 
Otherwise they may slip, resulting in possible 
serious injury to you or damage to the work. 

3. Do not increase the leverage of a wrench 
by placing a pipe over the handle. Increased 
leverage may damage the wrench or the work. 

4. Provide some sort of kit or case for all 
wrenches. Return them to it at the completion 
of each job. This saves time and trouble and 
facilitates selection of tools for the next job. 
Most important, it eliminates the possibility of 
leaving them where they can cause injury or 
damage to men or equipment. 

5. Determine which way a nut should be 
turned before trying to loosen it. Most nuts are 
turned counterclockwise for removal. This may 
seem obvious, but even experienced men have 
been observed straining at the wrench in the 
tightening direction when they wanted to loosen 
it. 

6. Learn to select your wrenches to fit the 
type of work you are doing. If you are not fa- 
miliar with these wrenches, make arrange- 
ments to visit a shop that has most of them and 
get acquainted. 

METAL CUTTING TOOLS 

There are many types of metal cutting tools 
used by skilled mechanics of all ratings. As 
you become better acquainted with your rating. 
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Figure 1-21. -Cutting an Inside 
hole wltii snips. 



you will probably discover many tools that you 
use for cutting metal that are not described in 
this text. In this text, only the basic hand 
metal cutting tools will be considered. 

SNIPS AND SHEARS 

Snips and shears are used for cutting sheet 
metal and steel of various thicknesses and 
shapes. Normally, the heavier or thicker ma- 
terials are cut by shears. 

One of the handiest tools for cutting light (up 
to 1/lC inch thick) sheet metal Is the hand snip 
(tip snips). The STRAIGHT HAND SNIPS shown 
in fig. 1-20 have blades that are straight and 
cutting edges that are sharpened to an85-degree 
angle. Snips like this can be obtained in differ- 
ent sizes ranging from the small 6-lnch to the 
large 14-inch snip. Tin snips will also work on 
slightly heavier gages of soft metals such as 
aluminum alloys. 

Snips will not remove any metal when a cut 
is made. There is danger, though, of causing 
minute metal fractures along the edges of the 
metal during the shearing process. For this 
reason, it is better to cw^ just outside the lay- 
out line. This procedure will allow you to 
dress the cutting e(]^';e v.hile keeping the mate- 
rial within requir<3d dimensions. 

Cutting extremely heavy gage metal always 
presents the possibility of flpringlng the blades. 
Once theblades are sprung, hand snips are use- 
less. When cutting heavy material use the rear 
portion of the blades. This procedure not only 
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Figure 1-22. ---Cutting a disk out of 
Hheet metal. 
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avoids the possibility of springing the blades 
but also gives you greater cutting leverage. 

Many snips have small serrations (notches) 
on Uie cutting edges of the blades. These ser- 
rations tend to prevent the snips from slipping 
backwards when a cut is being made. Although 
this feature does make the actual cutting easier, 
it mars the edges of the metal slightly. You 
can remove these small cutting marks If you 
allow proper clearance for dressing the metal 
to size. There are many other types of hand 
snips used for special jobs but the snips dis- 
cussed here can be used for almost any com- 
mon type of work, 

ting Sheet Metal with Snips 

It is hard to cut circles or small arcs with 
straight snips. There are snips especially- 
designed for circular cutting. They are called 
CIRCLE SNIPS, HAWKS- BILL SNIPS, TROJAN 
SNIPS, and AVIATION SNIPS (fig, 1-20). 

To cut large holes In the lighter gages of 
sheet metal, sturt the cut by punching or other- 
wise making a hole in the center of the area to 
be cut out. With an aviation snips, as shown In 
figure 1'^ , or some other narrow-bladed 
snips, mnlzy; a spiral cut from the starting hole 
out toward the scribed circle and continue cut- 
ting until the scrap falls away. 

To cut a disk In the lighter gages of sheet 
metal, use a combination snips or a straight 
blade snips as shown In figure 1-22, First, cut 
away any surplus material outside of the scribed 
circle leaving only a narrow piece to be re- 
moved by the final cut. Make the final cut just 
outside of the layout line. This will permit you 
to see the scribed line while you are cutting and 
will cause the scrap to curl up below the blade 
of the snips whore Itwlll be out of the way while 
the complete cut Is being made. 




To make straight cuts, place the sheet metal 
on a bench with the marked guideline over the 
edge of the bench and hold the sheet down with 
one hand. With the other hand hold the snips so 
that the flat sides of the blades are at right 
angles to the surface of the work. If the blades 
are not at right angles to the surface of the 
work, the edges of the cut will be slightly bent 
and burred. The bench edge will also act as a 
guide when cutting with the snips. The snips 
will force the scrap metal down so that It does 
not Interfere with cutting. Any of the hand snips 
may be used for straight cuts. When notches 
are too narrow to be cut out with a pair of 
snips, make the side cuts with the snips and cut 
the base of the notch with a cold chisel. 

Safety and Care 

Learn to use snips properly. They should 
always be oiled and adjusted to permit ease of 
cutting and to produce a surface that Is free 
from burrs. If the blades bind, or If they are 
too far apart, the snips should be adjusted. 

Never use snips as screwdrivers, hammers, 
or pry bars. They break easily. 

Do not attempt to cut heavier materials than 
tlie snips are designed for. Never use tin snips 
to cut hardened steel wire or other similar ob- 
jects. Such use win dent or nick the cutting 
edges of the blades, 

a toolbox where the cut- 
Into contact with other 
cutting edges and may 



Never toss snips In 
ting edges can come 
tools. This dulls the 
even break the blades. 

When snips are not In use, hang 
hooks or lay tliem on an uncrowded 
bench. 
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Figure 1-23.— Bolt cutters. 



Figure 1-24.— Hacksaws. 
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Figure l-25.-"Set' ' of hacksaw 
blade teeth. 
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r i^ure 1-27. -Installing a 
hacksaw blade. 



44.168 



24 TEETH PER INCH 



FDR ANGLE IRON, HEAVY 
PIPE, BRASS, COPPER 



32 TEETH PER INCH 
FOR THIN TUBING 



KEEP AT LEAST TWO TEETH CUTTING 
TO AVOID THIS 




44.187 



Figure 1-28.— Selecting the proper 
hacksaw blade. 



BOLT CUTTERS 

Dolt cutters (fig. 1-23) are giant shears with 
very short blades and long handles. The handles 
are hinged at one end. The cutters are at the 
ends of extensions which are jointed In such a 
way that the Inside Joint Is forced outwards 
when the handles are closed, thus forcing the 
cutting edges together with great force. 




Figure 1-28 .-Proper way to hold 
a hacksaw. 



11.4 



Bolt cutters are made In lengths of 18 to 38 
Inches. The larger ones will cut mild steel 
bolts and roda up to 1/2 Inch. The material to 
be cut should be kept as far back In the jaws as 
possible. Never attempt to cut spring wire or 
other tempered metal with bolt cutters. This 
will cause the jaws to be sprung or nicked. 

Adjusting screws near the middle hinges 
provide a means for ensuring that both jaws 
move the same amount when the handles are 
pressed together. Keep the adjusting screws 
just tight enough to ensure that the cutting 
edges meet along tlieir entire length when the 
Jaws are closed. The hinges diould be kept well 
oiled at all times. 
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When using bolt cutters make sure your 
fingers are clear of the jaws and hinges. Take 
care that the bolt head or piece of rod cut off 
does not fly and injure you or someone else. If 
the cutters are brought together rapidly, some- 
times a bolt-head or piece of rod being cut off 
will fly some distance. 

Bolt cutters are fairly heavy, so make sure 
that they are stored in a safe place where they 
will not fall and injure someone. 



HACKSAWS 

Hacksaws are used to cut metal that is too 
heavy for snips or bolt cutters. Thus, metal ba.r 
clock can be cut readily with hacksaws. 

There are two parts to a hacksaw; the frame 
and the blade. Common hacksaws have either 
an adjustable or solid frame (fig. 1-24). Most 
hacksaws found in the Navy are of the adjust- 
able frame type. Adjustable frames can be 
made to hold blades from 8 to 16 inches long, 
while those ^'ith solid frames take only the 
length blade for which they are made. This 
length Ih the distance between the two pins that 
hold the Dlade In pl?ice. 

Hack^w blades are made of high* grade tool 
steel, h*'.v *ened and tempered. There are two 
types, the all-hard and the flexible. All hard 
blades are hardened throughout, whereas only 
the teeth of the flexible blades are hardened. 
Hacksaw blades are about one-half Inch wide, 
have from 14 to 32 teeth per Inch, and are from 
8 to 16 Inches long. The blades have a hole at 
each end which hooks to a pin In the frame. All 
hacksaw frames which hold the blades either 
parallel or at right angles to the frame are 
provided with a wlngnut or screw to permit 
tightening or removing the blade. 

The SET In a saw refers to how much the 
teeth are pushed out in opposite directions from 
the sides of the blade. The four different kinds 
of set are ALTERNATE set, DOUBLE ALTER- 
NATE set, RAKER set, and WAVE set. Three 
of these are shown In figure 1-25. 

The teeth In the alternate set are staggered, 
one to the left and one to the right throughout 
the length of the blade. On the double alternate 
set blade, two adjoining teeth are staggered to 
the right, two to the left, aud so on. On the 
raker set blade, every third tooth remains 
straight and the other two are set alternately. 
On the wave (undulated) set blade, short sec- 
tions of teeth are bent In opposite directions. 



Using Hacksaws 

The hacksaw Is often used improperly. Al- 
though it can be used with limited success by 
an Inexperienced man, a little thought and study 
given to Its proper use will result In faster and 
better work and less dulling and breaking of 
blades. 

Good w( viih a hacksaw depends not only 
upon the proper use of the saw, but also upon 
the pr jper selection of the blades for the work 
to be done. Figure 1-26 will hvlp you select 
the proper blade to use when sawing metal with 
a hacksaw. Coarse blades with fewer teeth oer 
Inch cut fa.ster and are less liable to choke up 
with chins. However, finer blades with more 
teeth per Inch are necessary when thin sections 
are t>elng cut. The selection should be made so 
that, as each tooth starts Its cut, the tooth ahead 
of It wlU stin be cutting. 

To make the cut, first Install the blade In the 
hacksaw frame (fig. 1-27) so that the teeth point 
away from the handle of the hacksaw. (Hand 
hacksaws cut on the push stroke.) Tighten the 
wlngnut so that the blade Is definitely under 
tension. This helps make straight cuts. 

Place the material to be cut In a vise. A 
minimum of overhang will reduce vibration, 
give a better cut, and lengthen the life of the 
blade. Have the layout line outside of the vise 
jaw so that the line Is visible while you work. 

The proper method of holding the hacksaw Is 
depicted In figure 1-28. See how the Index 
finger of the right hand, pointed forward, aids 
In guiding the frame. 

When cutting, let your body sway ahead and 
back with each stroke. Apply pressure on the 
forward stroke, which Is the cutting stroke, 
but not on the return stroke. From 40 to 50 
strokes per minute Is the usual speed. Long, 
slow, steady strokes are preferred. 

For long cuts (fig. 1-29) rotate the blade 1 1 
the frame so that the length of the cut Is not 
limited by the depth of the frame. Hold the 
work with the layout line close to the vise jaws, 
raising the work In the vise as the sawing 
proceeds. 

Saw thin metal as shown In figure 1-30. 
Notice the long angle at which the blade enters 
the saw groove (kerf). This permits several 
teeth to be cutting at the same time. 

Metal which Is too thin to be held^ as shown 
In figure 1-30, can bo placed between blocks of 
wood, as shown In figure 1-31. Tho wood pro- 
vides support for fjevcral teeth as they are 
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44.169 

Figure 1-29,— Making a long cut 
near the edge of stock. 




44.170 

Figure 1-30. -Cutting thin metal 
with a hacksaw. 



^^^^ CUTTING STROKE 



\SAW 
BLADE 




MCTAL-tZzJli^] WOODEN BLOCKS 
A 




B 



44.171 

Figure i-31.— Cutting thin metal 
between two wooden biocky. 



CUTTING STROKE 




HACK SAW 

euDE 



WORK 



WOODEN eUOCK 



44.172 

Figure 1-32. -Cutting thin metal using 
wood block with layout lines. 



cutting. Without the wood, as shown at B In fig- 
ure 1-31, teeth will be broken due to excessive 
vibration of the stock and because Individual 
teetli have to absorb the full power of the stroke. 

Cut thin metal with layout lines on the face 
by using a piece of wood behind It (fig. 1-32). 
Hold the wood and the metal In the jaws of the 
vise, using a C-clamp when necessary. The 
wood block heli'S support the blade and pro- 
duces a smoothe; '^ut. Using the wood only In 
back of the metal permits the layout lines to be 
seen. 

To remove a frozen nut with a hacksaw, saw 
into the nut as shown In figure 1-33, starting 
the blade close to the threads on the bolt or stud 
and parallel to one face of the nut as shown In 
figure 1-33A. Saw parallel to the bolt until the 
teeth of the blade almost .reach the lockwasher. 
Lockwashers are hard and will ruin hacksaw 
blades, so do not try to saw them. Figure 1-33B 
shows when to stop sawing. Then, with a cold 
chisel and hammer, remove this one side of the 
nut completely by opening the saw kerf. Put an 
adjustable wrench across this new flat and the 
one opposite, and again try to remove the frozen 
nut. Since very little original metal remains 



on this one side of the nut, the nut will either 
give or break away entirely and permit Its 
removal. 

To saw a wide kerf In the head of a cap screw 
or machine bolt, fit the hand hacksaw frame 
Vrith two blades side by side, and with teeth 
lined up In the same direction. With slow, 
steady strokes, saw the slot approximately one- 
third the thickness of the head of the cap screw 
as shown In figure 1-34. Such a slot will per- 
mit subsequent holding or turning with a screw- 
driver when It Is impossible, due to close 
quarters, to use a wrench. 



Hacksaw Safety 

The main danger In using hacksaws is injury 
to your hand If the blade breaks. The blade 
will break If too much pressure is applied, when 
the saw iH twisted, when the cutting apeed ie 
too fast, or when the blade becomes loose in the 
frame. Additionally, if the work is not tight in 
the vise. It will sometimes slip, twisting the 
blade enough to break It. 
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44.174 

Figure l-33.-Removing a frozen ^^^^ l-34.^Cutting a wide kerf In 

nut with a hacksaw. ^ capscrew or bolt. 

ROD SAW BLADE _ 

@ — <2) 




MAGNIFIED PORTION OF BLADE 



CUTTING THROUGH FILE 

29.15(44B)X 



Figure 1-35.— Rod Saw and operations. 



ROD SAWS 

An Improvement In industrial technology 
provides us with a tool that can cut material an 
ordinary hacksaw can't even scratch. The rod 
saw (fig. 1-35) acts like a diamond In Its capa- 
bility of cutting hard metals and materials such 
as stainless steel, Inconel, titanium, and carbon 
phenolic s. 

The rod saw cuts through material by means 
of hundreds of tungsten- carbide particles per- 
manently bonded to the rod (see magnified por- 
tion of fig. 1-35). The rod saw cuts through 
stainless steel and flies with ease. 

A unique feature of this saw Is Its capability 
of cutting on the forward and reverse strokes. 

CHISELS 

Chisels are tools that can be used for chip- 
ping or cutting metal. They will cut any metal 
that Is softer than the materials of which they 



ar^^ made. Ch:sels are made from a good grade 
tool steei and have a hardened cutting edge and 
beveled aead. Cold chisels are classified ac- 
coiiing to the shape of their points, and the 
width of the cutting edge denotes their size. The 
most common shapes of chisels are flat (cold 
chisel), cape, round nose, and diamond point 
(fig. 1-36). 

The type chisel most commonly used Is the 
flat cold chisel, which serves to cut rivets, 
spilt nuts, chip castings, and cut thin metal 
sheets. The cape chisel Is used for special 
jobs like cutting keyways, narrow grooves and 
square corners. Round-nose chisels make clr- 
cular grooves and chip Inside corners with a 
fillet. Finally, the diamond-point Is used for 
cutting V-grooves and sharp corners. 

As with other tools there Is a correct tech- 
nique for using a chisel. Select a chisel that Is 
large enough for the job. Be sure to use a ham- 
mer that matches the chisel; that Is, the larger 
the el, the heavier the hammer. A heavy 
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COLD CHISEL 



CAPE CHISEL 





HALF ROUND CHISEL 




CI 



DIAMOND POINT CHISEL 



ROUND NOSE CHISEL 





29*9M 

Figure 1-36.— Types of points on 
metal cutting chisel* 



chisel will absorb the blows of a light hammer 
and will do virtually no cutting. 

As a general rule, hold the chisel in the left 
band with the thumb and first finger about linch 
from the top. It should be held steadily but not 
tightly. The finger muscles should be relaxed, 
60 if the hammer strikes the hand it will permit 
the hand to slidv. down the tool and lessen the 
effect of the blow. Keep the eyes on the cutting 
edge of the chisel, not on the head, and swing 
the hammer in the same plane as the body of the 
chisel. If you have a lot of chiseling to do, slide 
a piece of rubber hose over the chisel. This 
will lessen the shock to your hand. 

When using a chisel for chipping, always 
wear goggles to protect your eyes. If other 
men are working close by, see that they are 
pr .tected from flying chips by erecting a screen 
or shield to contain the chips. Remember that 
the time to take these precautions Is before you 
start the job. 



FILES 

A toolkit tor nearly every rating in the Navy 
Is not complete unless It contains an assort* 
ment of flies. There are a number of different 
types of flies in common use, an. each type 
may range in length from 3 to 18 inches. 



SINGLE CUT 



DOUBLE CUT 



A. SINGLE AND DOUBLE-CUT FILES 



SINGLE CUT 





BASTARD CUT SECOND CUT SMOOTH 
DOUBLE CUT 






BASTARD CUT SECOND CUT SMOOTH 

B. DESIGN AND SPACING 
OF FILE TEETH 



TANG 




HEEL 



FACE 



EDGE 



POINT 



28 



C. FILE NOMENCLATURE. 



m A m 

SQUARE TRIANGULAR ROUND 
HALF ROUND MILL FLAT 



D. CROSS-SECTIONAL SHAPES OF FILES 

1.20(44B)A 
Figure l-37.-Flle Information. 
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Grades 

Files are graded according to the degree of 
fineness, and according to whether they have 
single- or double-cut teeth. The difference Is 
apparent when you compare the flies In figure 
1-37A. 

Single-cut files have rows of teeth cut par- 
allel to each other. These teeth are set at an 
angle of about 65 degrees with the centerllne. 
You will use slngle-cut files for sharpening 
tools, finish filing, and drawflling. They are 
also the best tools for smoothing the edges of 
sheet metal. 

Files with crisscrossed rows of teeth are 
double-cut files. The double cut forms teeth 
that are diamond- shaped and fast cutting. You 
win use double-cut flies for quick removal of 
metal, and for rough work. 

Files are also graded according to the spac- 
ing and size of their teeth, or their coarseness 



and fineness. Some of these grades are pic- 
tures In fig. 1-37B. In addition to the three 
grades shown, you may use so me DEAD SMOOTH 
files, which have very fine teeth, and some 
ROUGH files with very coarse teeth. The fine- 
ness or coarseness of file teeth Is also influ- 
enced by the length of the file. (The length of a 
file is the distance from the tip to the heel, and 
does not Include the tang (fig. 1-37C).) When 
you have a chance, compare the actual size of 
the teeth of a 6-lnch, single-cut smooth file and 
a 12-lnch, single-cut smooth file; you will no- 
tice the6-lnch file has more teeth per Inch than 
the 12-lnch file. 

Shapes 

Files come In different shapes. Therefore, 
In selecting a file for a job, the shape of the 
finished work must be considered. Some of the 
cross sectional shapes are shown In figure 
1-37D. 




A. CROSSFILINC A PIECE OF MILD STEEL 




STOCK 



B. ALTERNATING POSITIONS WHEN FILING 





END OF STROKE 



C. DRAWFILING A SMALL PART 



Figure 1-38.— Filing operations. 
21 



D. FILING ROUND METAL STOCK 

1.20(44B)B 
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TRIANGULAR flies are tapered (longitudi- 
nally) on all three sides. They are used to file 
acute internal angles, and to clear out square 
corners. Special triangular files are used to 
file saw teeth. 

MILL files are tapered in both width and 
thickness. One edge has no teeth and is known 
as a SAFE EDGE. Mill files are used for 
smoothing lathe work, drawfiling, and other 
fine, precision work. Mill files are always 
single- cut. 

FLAT files are general-purpose files and 
may be either single- or double-cut. They are 
tapered in width and thickness. HARD flies, not 
shown, are somewhat thicker than flat files. 
They taper slightly in thickness, but their edges 
are parallel. 

The flat or hard flies most often used are the 
double-cut for rough work and the single-cut, 
smooth file for finish work. 

SQUARE flies are tapered on all four sides 
and are used to enlarge rectangular-Ehaped 
holes and slots. ROUND flies serve the same 
purpose for round openings. Small round files 
are often called "rattail" files. 

The HALF ROUND file is a general-purpose 
tool. The rounded side is used for curved sur- 
faces and the flat face on flat surfaces. When 
you file an inside curve, use a round or half- 
round file whose curve naost nearly matche s the 
curve of the work. 

Kits of small files, often called "Swiss Pat- 
tern" or "Jewelers" files, are used to fit parts 
of delicate mechanisms, and for filing work on 
instruments. Handle these small files care- 
fully because they break easily. 

FILING OPERATIONS 

Using a file Is an operation that is nearly In- 
dispensable when working with metal. You may 
be crossfillng, drawfiling, using a file card, or 
even polishing metal. Let's examine these 
operations. 

When you have finished using a file It may be 
necessary to use an abrasive cloth or paper to 
finish the product. Whether this Is necessary 
depends on how fine a finish you want on the 
work. 




A. POLISHING METAL WITH ABRASIVE CLOTH 
WRAPPED AROUND A FILE 




B. ALTERNATE METHODS FOR POLISHING METAL 
SURFACE 




CROSSFILING.— Figure 1-38 A shows a piece 
of mild steel being crossfiled. This means that 
the file is being moved across the surface of the 
work in approximately a crosswise direction^ 



C. POLISHING ROUND METAL STOCK 

44.135:.136 
Figure 1-39.— Polishing operations. 
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For best resulta, keep your feet spread apart 
to steady yourself as you file with slow, full- 
length, steady strokes. The file cuts as you 
purii It—ease up on the return stroke to keep 
from dulling the teeth. Keep your file clean. 

Figure 1-38B shows the alternate positions 
of the file when an exceptionally flat surface is 
required. Using either position first, file 
across the entire length of the stock. Then, 
using the other position, file across the entire 
length of the stock again. Because the teeth of 
the file pass over the surface of the stock from 
two directions, the high spots and low spots will 
readily be visible after filing in both positions. 
Continue filing first in one position or direc- 
tion and then the other until the surface has 
been filed flat. Test the flatness with a strai^t 
edge or with prussian blue and a surface plate. 

DRAW FILING.— Draw filing produces a finer 
surface finish and usually a flatter surface than 
crossfiling. Small parts, as shown in figure 
1-38C, are best held in a vise. Hold the file as 
shown in the figure; notice that the arrow indi- 
cates that the cutting stroke is away from you 
when the handle of the file is held in the right 
hand. If^ the handle is held in the left hand, the 
cutting stroke will be toward you. Lift the file 
away from the surface of the work on the re- 
turn stroke. When draw filing will no longer 
improve the surface texture, wrap a piece of 
abrasive cltoh around the file and polish the 
surface as shown in figure 1-39A. 

USE OF FILE CARD.-As you file, the teeth 
of the file may "clog up" with some of the fnetal 
filings and scratch your work. This condition is 
known as PINNING. You can prevent pinning by 
keeping the file teeth clean. Rubbing chalk be- 
tween the teeth will help prevent pinning, too, 
but the best method is to clean the file fre- 
quently with a FILE CARD or brush. A file 
card (fig. 1-40) has fine wire bristles.. Brush 
with a pulling motion, holding the card parallel 
to the rows of teeth. 

Always keep the file clean, whether you're 
filing mild steel or other metals. Use chalk 
liberally when filing nonferrous metals. 

FILING ROUND METAL STOCK.-Figure 
1-38D shows that, as a file is passed over the 
surface of round work, its angle with the work 
is changed. This results in a rocking motion of 
the file as it passes over the work. This rock- 
ing motion permits all the teeth on the file to 
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Figure 1-40.— File clean':r. 



make contact and cut as they pass over the 
work's surface, thus tending to keep the file 
much cleaner and thereby doing better work. 

POLISHING A FLAT METAL SURFACE.- 
When polishing a flat metal surface, first draw 
file the surface as shown in fig. 1-38C. Then, 
when the best possible draw filed surface has 
been obtained, proceed with abrasive cloth, 
often called emery cloth. Select a grade of 
cloth suited to the draw filing. If the draw fil- 
ing was well done only a fine cloth will be 
needed to do the polishing. 

If your cloth is in a roll, and the job you are 
polishing is the size that would be held in a 
vise, tear off a 6" or 8" length of the 1" or 2" 
width. If you are using sheets of abrasive 
cloth, tear off a strip from the long edge of the 
8" by 11" sheet. 

Wrap the cloth around the file (fig. 1-39 A) 
and hold the file as you would for draw filing. 
Hold the end of the cloth in place with your 
thumb. In polishing, apply a thin film of lubri- 
cating oil on the surface being polished and use 
a double stroke with pressure on both the for- 
ward and the backward strokes. Note that this 
is different from the drawfiling stroke in which 
you cut with the file in only one direction. 

When further polidxing does not appear to 
improve the surface, you are ready to use the 
next finer grade of cloth. Before changing to 
the finer grade, however, reverse the cloth so 
that its back is toward the surface being 
polished. 

Work the reversed cloth back and forth in the 
abrasive-laden oil as an intermediate step be- 
tween grades of abrasive cltoh. Then, with the 
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solvent available In your shop, clean the job 
thoroughly before proceeding with the next finer 
grade of cloth. Careful cleaning between grades 
helps to ensure freedom from scratches* 

For the final polish, use a strip of crocus 
cloth— first the face and then the back— with 
plenty of oil. When polishing is complete, again 
carefully clean the job with a solvent and pro- 
tect it, with oil or other means, from rusting. 

Figure 1-39B(A) shows another way to polish 
in which the abrasive cloth is wrapped around a 
block of wood. In figure 1-39B(B), the cloth has 
simply been folded to form a pad from which a 
worn, dull surface can be removed by simply 
tearing it off to expose a new surface. 

POLISHING ROUND METAL STOCK.-In fig- 
ure 1-39C, a piece of round stock is being 
polished with a strip of abrasive cloth which is 
"seesawed" back and forth as it is guided over 
the surface being polished. 

Remember that the selection of grades of 
abrasive cloth, the application of oil, and the 
cleaning between grades, applies to polishing 
regardless of how the cloth is held or used. 

Care of Files 

A new file should be broken in carefully by 
using it first on brass, bronze, or smooth cast 
iron. Just a few of the teeth will cut at first, so 
use a light pressure to prevent tooth breakage. 
Do not break in a new file by using it first on a 
narrow surface. 

Protect the file teeth byiianging your files in 
a rack when they are not in use, or by placing 
them in drawers with wooden partitions. Your 
files should not be allowed to rust— keep them 
away from water and moisture. Avoid getting 
the files oily. Oil causes a file to slide across 
the work and prevents fast, clean cutting. Files 
that you keep in your toolbox should be wrapped 
in paper or cloth to protect their teeth and pre- 
vent damage to other tools. 

Never use a file for prying or pounding. The 
tang is soft and bends easily. The body is hard 
and extremely brittle. Even a slight bend or a 
fall to the deck may cause a file to snap in two. 
Do not strike a file against the bench or vise to 
clean it— use a file card. 

Safety 

Never use a file unless it is equipped with a 
tight-fitting iiandle. If you use a file without the 



DEAD CENTER 




THE POINT 



CUTTING LIP 



LIP 
CLEARANCE 



LIP OR 
CUTTING 
EDGE 



FLUTE 



BODY < 



DEAD MARGIN 
CENTER 



LAND 




TANG 



44.20(11)CX 
Figure 1.41.-Twist drUl 
nomenclature. 



iiandle and it bumps something or JamB to z 
sudden stop, the tang may be driven into your 
hand. To put a handle on a file tang, drill a 
hole in the handle, slightly smaller than the 
tang. Insert the tang end, and then tap the end 
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of the handle to seat it firmly. Make sure you 
get the handle on straight. 



TWIST DRILLS 

Making a hole in a piece of metal is gener- 
ally a simple operation, but in most cases is an 
important and a precise job. A large number of 
different tools and machines have been designed 
so that holes maybe made speedily, economi- 
cally, and accurately in all kinds of material. 

In order to be able to use these tools effi- 
ciently, it is well to become acquainted with 
them. The most common tool for making holes 
in metal is the twist drill. It consists of a 
cylindrical piece of steel with spiral grooves. 
Chie end of the cylinder is pointed while the 
other end is shaped so that it may be attached 
to a drilling machine. The grooves, usually 
called FLUTES, may be cut into the steel cyl- 
inder, or the flutes may be formed by twisting 
a flat piece of steel into a cylindrical shape. 

The principal parts of a twist drill are the 
body, the shank, and the point (fig. 1-41). The 
dead center of a drill is the sharp edge at the 
extreme tip end of the drill. It is formed by 
the intersection of the cone-shaped surfaces of 
the point and should always be in the exact 
center of the axis of the drill. The point of the 
drill should not be confused with the dead cen- 
ter. The point is the entire cone-shaped sur- 
face at the end of the drill. 

The lip or cutting edge of a drill is that part 
of the point that actually cuts away the metal 
when drilling a hole. It is ordinarily as sharp 
as the edge of a knife. There is a cutting edge 
for each flute of the drill. 

The lip clearance of a drill is the surface of 
the point that is ground away or relieved just 
back of the cutting edge of the drill. The strip 
along the inner edge of the body is called the 
margin. It is the greatest diameter of the drill 
and extends the entire length of the flute. The 
diameter of the mu^gin at the shank end of the 
drill is smaller than the diameter at the point. 
This allows the drill to revolve without binding 
when drilling deep holes. 

The shank is the part of the drill which fits 
into the socket, spindle, or chuck of the drill 
press. Several types exist (fig. 1-42). 

A tang is found only on tapered- shank drills. 
It is designed to fit into a slot in the socket or 
spindle of a machine. It may bear a portion of 
the driving torque, but its principal use is to 




TAPERED STRAIGHT SQUARE 

44.20(44B) 
Figure 1-42.— Representative shanks. 



make it easy to renwvethe drill from the socket 
of the driving machine. 

Twist drills are provided in various sizes. 
They are sized by letters, numerals, and 
fractions. 

Table 1-1 illustrates the relationship, by 
decimal equivalents, of all drill sizes (letter, 
number, and fractional) from number 80 to 1/2 
inch. Note how the decimal sizes increase as 
the number of the drill decreases. 

Sets of drills are usually made available ac- 
cording to the way the sizes are stated; that is 
"sets of letter drills" or "sets of number 
drills." However, twist drills of any size (let- 
ter, number, or fraction) are available indi- 
vidually if desired. 

The maintenance of twist drills and more 
about how to use them on specific jobs are dis- 
cussed later. 

COUNTERSINKS 

Countersinking is the operation of beveling 
the mouth of a hole with a rotary tool called a 
countersink (fig. 1-43). The construction of the 
countersink is similar to the twist drill. There 
are four cutting edges, which are taper ground, 
to the angle marked on the body. 

A countersink is used primarily to set the 
head of a screw or rivet flush with the material 
in which it is being placed. Countersinks are 
made in a number of sizes. One size usually 
takes care of holes of several different sizes. 
That is, the same countersink can be used for 
holes from 1/4 inch to 1/2 inch in diameter. 
Remove only enough metal to set the screw or 
rivet head flush with the material. If you 
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Table 1-1.— Decimal Equivalents of Drill Sizes 



Drill 


Decimal 


Drill 


Decimal 


Drill 


Decimal 


Drill 


Decimal 


80 


0.0135 


49 


0.073 


20 


0.161 


H 


0.266 


79 


0.0145 


48 


0.076 


19 


0.166 


I 


0.272 


78 


0.016 


5/64 


0.078125 


18 


0.1695 


J 


0.277 


1/64 


0.0156 


47 


0.0785 


11/64 


0.171875 


K 


0.281 


77 


0.018 


46 


0.081 


17 


0.173 


9/32 


0.28125 


76 


0.02 


45 


0.082 


16 


0.177 


L 


0.20 


75 


0.021 


44 


0.086 


15 


0.18 


M 


0.205 


74 


0.0225 


43 


0.089 


14 


0.182 


10/64 


0.206875 


73 


0.024 


42 


0.0935 


13 


0.185 


N 


0.302 


72 


0.025 


3/32 


0.09375 


3/16 


0.1875 


5/16 


0.3125 


71 


0.026 


41 


0.096 


12 


0.189 


0 


0.316 


70 


0.028 


40 


0.098 


11 


0.191 


P 


0.323 


60 


0.0292 


39 


0.0995 


10 


0.1935 


21/64 


0.328125 


68 


0*031 


38 


0.1015 


0 


0.196 


Q 


0.332 


1/32 


0.03125 


37 


0.104 


8 


0.190 


R 


0.330 


67 


0.032 


36 


0.1055 


7 


0.201 


11/32 


0.34375 


66 


0.033 


7/64 


0.100375 


13/64 


0.203125 


S 


0.348 


65 


0.035 


35 


0.11 


6 


0.204 


T 


0.358 


64 


0.036 


34 


0.111 


5 


0.2055 


23/64 


0.359375 


63 


0.037 


33 


0.113 


4 


0.209 


U 


0.368 


62 


0.038 


32 


0.116 


3 


0.213 


3/8 


0.375 


61 


0.039 


31 


0.12 


7/32 


0.21875 


V 


0.377 


60 


0.04 


1/8 


0.125 


2 


0.221 


W 


0.386 


50 


0.041 


30 


0.1285 


1 


0.228 


25/64 


0.390625 


58 


0.042 


29 


0.136 


A 


0.234 


X 


0.397 


57 


0.043 


28 


0.1405 


15/64 


0.234375 


Y 


0.404 


56 


0.0465 


0/64 


0.140625 


B 


0.238 


13/32 


0.40625 


3/64 


0.046875 


27 


0.144 


C 


0.242 


Z 


0.413 


55 


0.052 


26 


0.147 


D 


0.246 


27/64 


0.421875 


54 


0.055 


25 


0.1495 


E 


0.25 


7/16 


0.4375 


53 


0.0595 


24 


0.152 


1/4 


0.25 


29/64 


0.453125 


1/16 


0.0625 


23 


0.154 


F 


0.257 


15/32 


0.46875 


52 


0.0635 


5/32 


0.15625 


G 


0.261 


31/64 


0.484375 


51 


0.067 


22 


0.157 


17/64 


0.265625 


1/2 


0.5 


50 


0.07 


21 


0.159 
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remove too much material the hole will enlarge 
and weaken the work. 

Select the countersink with the correct lip 
angle to correspond with the screw or rivet 
head being used. These ^o^intersinks can be 
turned by anv ro'^ - ■ turn a twist drill. 



REAMERS 

Reamers are used to enlarge and true a 
hole. The reamer consists of three parts— the 
body, the shank, and the blades. The shank has 
a square tang to allow the reamer to be held 
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28.59(44) 
Figure 1-43.— Countersink. 




5.10.1 

Flfjure 1-44.— Above— solid spiral flute 
reamer. Below— solid straight flute 
reamer. 




5.10.2 

Figure 1-45.— Expansion reamer. 



with a wrench for turning. The main purpose of 
the body is to support the blades. 

The blades on a reamer are made of steel 
and hardened to such an extent that they are 
brittle. For this reason you must be careful 
when using and storing the reamer to protect 
the blades from chipping. When you are ream- 
ing a hole, turn the reamer in the CUTTING DI- 
RECTION ONLY. This will prevent chipping or 
dulling of the blades. Great care should be 
used to assure even, steady turning. Other- 
wise, the reamer will "chatter," causing the 
hole to become marked or scored. To prevent 
damage to the reamer while not in use, wrap It 
in an oily cloth and keep It In a box. 

Reamers of the types shown in figure 1-44 
are available in any standard size. They are 
also available in size variations of .001" for 
special work. A solid stral^t flute reamer 
lasts longer and Is less expensive than the ex- 
pansion reamer. However, the solid spiral 
flute reamer Is preferred by craftsmen because 
it Is less likely to chatter. 

For general purposes, an expansion reamer 
(fig. 1-45) is the most practical. This reamer 
can usually be obtained In standard sizes from 




DRIFT OR STARTING PUNCH 




HOLLOW SHANK GASKET PUNCH 

1.18(44B) 

Figure 1-46.— Punches. 



1/4 of an inch to 1 inch, by 32nd8. It is designed 
to allow the blades to expand 1/32 of an Inch. 
For example, the 1/4-lnch expansion reamer 
will ream a 1/4-lnch to a 9/32-inch hole. A 
9/32-inch reamer will enlarge the hole from 
9/32 of an Inch to 5/16 of an Inch. This range 
of adjustment allows a few reamers to cover 
sizeh up to 1 Inch. 

Reamers are made of carbon steel and hl^- 
speed steel. In general, the cutting blades of a 
high-speed reamer lose their keenness more 
quickly than a carbon steel reamer. However, 
after that keenness is gone^ it will last longer 
than the carbon reamer. 

PUNCHES 

A tiand punch is a tool that is held in the hand 
and struck on one end with a hammer. There 
are many kinds of punches designed to do^a 
variety of jobs. Figure 1-46 ^ows several 
types of punches. Most punches are made of 
tool steel. The part held In the hand Is usually 
octagonal shaped, or It may be knurled. This 
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28-32 

Figure 1-47.— Punching 
mating parts of a 
mechanism. 



prevents the tool from slipping around in the 
hand. The other end is shaped to do a pai*tlcu- 
lar job. 

When you use a punch, there are two things 
to remember: 

1. When you hit the punch you do not want It 
to slip sideways over your work. 

2. You do not vant the hammer to slip off 
the punch and strike your fingers. You can 
eliminate both these troubles by holding the 
punch at right angles to the work, and striking 
the punch squarely with your hammer. 

The center punch, as the name Implies, is 
used for marking the center of a hole to be 
drilled, li you try to drill a hole without first 
punching the center, the drill will '^wander'' or 
"walk away" from the desired center. 

Another use of the center punch Is to make 
corresponding marks on two pieces of an as- 
sembly to permit reassembling In the original 
positions. Before taking a mechanism apart, 
make a pair of center punchmarks in one or 
more places to help in reassembly. To do this, 
select places, staggered as shown in figure 
1-47, where matching pieces are joined. First 
clean the places selected. Then scribe a line 
across the joint and center punch the line on 
both sides of the joint, with single and double 
marks as shown to eliminate possible errors. 
In reassembly, refer first to the sets of punch- 
marks to determine the approximate position of 
the parts. Then line up the scribed lines to 
determine the exact position. 

Automatic center punches are useful for lay- 
out work. They are operated by pressing down 




ABC 

44.83 

Figure 1-48 .-Marking the Inter- 
section of lines with a prick 
punch. 



on the shank by hand. An Inside spring Is com- 
pressed and released automatically, striking a 
blow on the end of the punch. The Impression 
Is light, but adequate for marking, and serves 
to locate the point of a regular punch when a 
deeper Impression Is required. 

The point of a center punch Is accurately 
ground central with the shank, usually at a 60-90 
degree angle, and Is difficult to regrlnd by hand 
with any degree of accuracy. It Is, therefore, 
advisable to take care of a center punch and not 
to use It on extremely hard materials. When 
extreme accuracy Is required a prick punch Is 
used. Compare the point angle of the center 
and prick punches. 

To make the intersection of two layout lines, 
bring the point of the prick punch to the exact 
point of intersection and tap the punch lightly 
with a hammer. If inspection shows that the 
exact intersection and the punchmarkdo not co- 
incide, as at A in figure 1-48, slant the punch 
as shown at B and again strike with the ham- 
mer, thus enlarging the punchmark and cen- 
tering It exactly. When the intersection has 
been correctly punched, finish off with a light 
blow on the punch held In an upright position. C 
shows the corrected punchmark. 

DRIFT punches, sometimes called **8tarting 
punches,** have a long taper from the tip to the 
body. They are made that way to withstand the 
shock of heavy blows. They may be used for 
knocking out rivets after the heads have been 
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chiseled off, or for freeing pins which are 
"frozen" In their holes. 

After a pin has been loosened or partially 
driven out, the drift punch may be too large to 
finish the job. The followup tool to use Is the 
PIN PUNCH. It Is designed to follow through 
the hole without jamming. Always use the 
largest drift or pin punch that will fit the hole. 
These punches usually come In sets of three to 
five assorted sizes. Both of these punches will 
have flat points, never edged or rounded. 

To remove a bolt or pin that Is extremely 
tlg^t, start with a drift punch that has a point 
diameter that is slightly smaller than the diam- 
eter of the object you are removing. As soon 
as It loosens, finish driving It out with a pin 
punch. Never use a pin punch for starting a pin 
because It has a slim shank and a hard blow 
may cause It to bend or break. 

For assembling units of a machine an 
ALINEMENT (alining) punch is invaluable. It Is 
usually about 1 foot long and has a long gradual 
taper. Its purpose Is to line up holes In mating 
parts. 

Hollow metal cutting punches are made from 
hardened tool steel. They are made In various 
sizes and are used to cut holes In light gage 
sheet metal. 

Other punches have been designed for special 
uses. One of these Is the soft-faced drift. It Is 
made of brass or fiber and Is used for such 
Jobs as removing ^afts, bearings, and wrist 
pins from engines. It is generally heavy enough 
to resist damage to Itself, but soft enough not to 
Injure the finished siirface on the part that Is 
being driven. 

You may have to make gaskets of rubber, 
cork, leather, or composition materials. For 
cutting holes In gasket materials a hollow shank 
GASKET PUNCH may be used (fig. 1-46). 
Gasket punches come In sets of various sizes 
to accommodate standard bolts and studs. The 
cutting end Is tapered to a sharp edge to pro- 
duce a clean uniform hole. To use the gasket 
punch, place the gasket material to be cut on a 
piece of hard wood or lead so that the cutting 
edge of the punch will not be damaged. Then 
strike the pimch with a hamnoer, driving It 
through the gasket where holes are required. 

TAPS AND DIES 

Taps and dies are used to cut threads In 
metal, plastics, or hard rubber. The taps are 
used for cutting Internal threads, and the dies 
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BOTTOMING HAND 

11.5.1 

Figure 1-49.— Types of common taps. 



are used to cut external threads. There are 
many different types of taps. However, the 
TDost common are the taper, plug, bottoming, 
and pipe taps (fig. 1-49). 

The taper (starting) hand tap has a chamfer 
length of 8 to 10 threads. These taps are used 
when starting a tapping operation and when tap- 
ping through holes. 
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SQUARE PIPE 




I 1 


1 2 


INCHES 





RETHREAOING 



Figure 1-50.— Types of solid dies. 
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Plug hand taps have a chamfer length of 3 to 
5 threads and are designed for use after the 
taper tap. 

Bottoming hand taps are used for threading 
the bottom of a blind hole. They have a very 



short chamfer length of only 1 to 1 1/2 threads 
for this purpose. This tap Is always used after 
the plug tap has already been used. Both the 
taper and plug taps should precede the use of 
the bottoming hand tap. 

Pipe taps are used for pipe fittings and other 
placeswhere extremely tight fltsare necessary. 
The tap diameter, from end to end of threaded 
portion, Increases at the rate of 3/4 Inch per 
foot. All the threads on this tap do the cutting, 
as compared to the straight taps where only 
the nonchanifered portion does the cutting. 

Dies are made In several different shapes 
and are of the solid or adjustable type. The 
square pipe die (fig. 1-50) will cut American 
Standard Pipe Thread only. It comes In a va- 
riety of sizes for cutting threads on pipe with 
diameters of 1/8 Inch to 2 Inches. 





two-piece collet die 
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Figure 1-51.— Types of adjustable dies. 
30 
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STRAIGHT HANDLED TAP WRENCH 
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T-HANDLE TAP WRENCH 
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SINGLE SCREW DlfSTGCK THREE SCREW OIEMOCK 

Figure 1-52.— Dlestocks, dlecoUet, and tap wrenches. 



TWO-PIECE RECTANGULAR 
PIPE DIE 



11.5.6 




ADJUSTABLE 
GUIDE 



SMALL SIZE 
RATCHET 
DIESTOCK 




THUMBSCREW 

ADJUSTABLE 
GUIDE 



LARGE SIZE 
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Figure 1-53.— Adjustable die guide and ratchet dlestocks. 
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A rethreadlng die (fig. 1-50) Is used prin- 
cipally for dressing over bruised or rusty 
threads on screws or bolts. It is available in a 
variety of si ze s for r ethr eading Ame r lean 
Standard Coarse and Fine threads. These dies 
are usually hexagon In shape and can be turned 
with a socket, box, open-end, or any wrench that 
will fit. Rethreading dies are available In eets 
of 6, 10, 14, and 28 assorted sizes In a case. 



EKLC 



Round split adjustable dies (fig. 1-51) are 
called **Button** dies and can be used in either 
hand dlestocks or machine holders. The ad- 
justment in the screw adjusting type Is made by 
a fine-pitch screw which forces the sides of the 
die apart or allows them to spring together. 
The adjustment in the open adjusting t3rpe8 is 
made by means of three screws in the holderi 
one for expanding and two for compressing the 
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PIPE THREADING SET WITH RECTANGULAR 
ADJUSTABLE DIES, DIESTOCK, 
WRENCH. GUIDES AND TAPS 



' III 121 ]1 




BOLT AND SCREW THREADING SET WITH 
ROUND ADJUSTABLE SPLIT DIES, 
DIESTOCKS, TAPS, TAP WRENCHES, 
AND SCREWDRIVERS 



Figure 1-54.— Threading sets. 
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dies. Round split adjustable dies are available 
In a variety of sizes to cut American Standard 
Coarse and Fine threads, special form threads, 
and the standard sizes of threads that are used 
in Britain and other European countries. For 
hand threading, these dies are held in diestocks 
(fig. 1-52). One type die stock has three 
pointed screws that will hold round dies of any 
construction, although it is made specifically 
for open adjusting-type dies. 

Two piece collet dies (fig. 1-51) are used 
with a collet cap (fig. 1-52) and collet guide. 
The die halves are placed in the cap slot and 
are held in place by the guide which screws into 
the underside of the cap. The die is adjusted 
by means of setscrews at both ends of the in- 
ternal slot. This type of adjustable die is issued 
in various sizes to cover the cutting range of 
American Standard Coarse and Fine and special 
form threads. Diestocks to hold the dies come 
In three ditiorent sizes. 



EXTERNAL-12 TPI 



,NTERrJAL-12 TPI 



EXTERNAl 32 TPI 

I r-i] 



fJlLRNAL 32 TPI 



Figure 1-55.— Thread chasers. 
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Two-piece rectangular pipe dies (fig. 1-51) 
are available to cut American Standard Pipe 
threads. They are held in ordinary or ratchet- 
type diestocks (fig. 1-53). The jaws of the dies 
are adjusted by means of setscrews. An adjust- 
able guide serves to keep the pipe In allnement 
with respect to the dies. The smooth jaws of 
the guide are adjusted by means of a cam plate; 
a thumbscrew locks the jaws firmly In the de- 
sired position. 

Threading sets are available In many dif- 
ferent combinations of taps and dies, together 
with diestocks, tap wrenches, guides and neces- 
sary screwdrivers and wrenches to loosen and 
tighten adjusting screws and bolts. Figure 1-54 
illustrates typical threading set for pipe, bolts, 
and screws. 

Never attempt to sharpen taps or dies. 
Sharpening of taps and dies involves several 
highly precise cutting processes which Involve 
the thread characteristics and chamfer. These 
sharpening procedures must be done by experi- 
enced personnel in order to maintain the ac- 
curacy and the cutting effectiveness of taps and 
dies. 

Keep taps and dies clean- and well oiled when 
not in use. Store them so that they do not con- 
tact each other or other tools. For long periods 
of storage, coat taps and dies with a rust- 
preventive compound, place in Indlvld'xal or 
standard threading set boxes, and store ' a dry 
place. 

THREAD CHASERS 

Thread chasers are threading tools that 
have several teeth and are used to rethread 
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(chase) damaged external or Internal threads 
(fig. 1-55). These tools are available to chase 
standard threads. The Internal thread chaser 
has Its cutting teeth located on a side face. The 
external thread chaser has Its cutting teeth on 
the end of the shaft. The handle end of the tool 
shaft tap to a point. 
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Screw extractors are used to remove broken 
screws without damaging the surrounding mate- 
rial or the threaded hole. Tap extractors are 
used to remove broken taps. 

Some screw extractors (fig. 1-56A) are 
straight^ having flutes from end to end. These 
extractors are available in sizes to remove 
broken screws having 1/4 to 1/2 Inch outside 
diameters. Spiral tapered extractors are sized 
to remove screws and bolts from 3/16 Inch to 
2 1/8 Inches outside diameter. 

Most sets of extractors Include twist drills 
and a drill guide. Tap extractors are similar 
to the screw extractors and are sized to re- 
move taps ranging from 3/16 to 2 1/8 inches 
outside diameter. 

To remove a broken screw or tap with a 
spiral extractor, first drill a hole of proper 
size in the screw or tap. Tl size hole re- 
quired for each screw extractor Is stamped on 
It. The extractor is then inserted in the hole, 
^^d turned counterclockwise to remove the de- 
fective component. 

if the tap has broken off at the surface of the 
work, or slightly below the surface of the work, 
the straight tap extractor shown in figure 1-56 
may remove it. Apply a liberal amount of pene- 
trating oil to the broken tap. Place the tap ex- 
tractor over the broken tap and lower the upper 
collar to insert the four sliding prongs down 
Into the four flutes of the tap. Then slide the 
bottom collar down to the surface of the work 
so that it will hold the prongs tightly against the 
body of the extractor. Tighten the tap wrench 
on the square shank of the extractor and care- 
fully work the extractor back and forth to 
loo&an the tap. It may be necessary to remove 
the extractor and strike a few sharp bloM^s with 
a small hammer and pin punrh to Jar the tap 
loose. Then reinsert th'^ tap remover and 
carefully try to bstrV Me tap out of the hole. 
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A. STRAIGHT TAP 



SQUARE 
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4.37:44.191 
Figure 1-56.— Screw and tap extractors. 



PIPE AND TUBING CUTTERS 
AND FLARING TOOLS 

Pipe cutters (fig. 1-57) are used to cut pipe 
made of steel , brass, copper , wrought iron, and 
lead. Tube cutters (fig. 1-57) are used to cut 
tubing made of iron, steel, brass, copper, and 
aluminum. The essential difference between 
pipe and tubing is that tubing has considerably 
thinner walls. Flaring tools (fig. 1-58) are 
used to make single or double flares in the ends 
of tubing. 

Two sizes of hand pipe cutters are generally 
used in the Navy. The No. 1 pipe cutter has a 
cutting capacity of 1/8 to 2 inches, and the No. 2 
pipe cutter has a cutting capacity of 2 to 4 
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PIPE CUHER 1/8 IN. 
TO 2 IN. CAPACITY 



• - 




TUBE CUHER 1/3 IN. 
TO 1 1/4 IN. CAPACITY 



1 II 1 2 


1 3 


INCHES ' 






TUBE CUTTER 1/8 IN 
TO 3/4 tN. CAPACITY 



INCHES ' 




TUBE CUTTER 1/8 In. 
TO » IN. CAPACITY 



Figure 1-57.— Pipe and tubing cutters. 
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Inches. The pipe cutter (fig. 1-57) has a spe- 
cial alloy- steel cutting wheel and two pressure 
rollers which are adjusted and tightened by 
turning the handle. 

Most TUBE CUTTERS closely resemble pipe 
cutters, except that they are of lighter con- 
struction. A hand screw feed tubing cutter of 
1/8-lnch to 1 1/4-lnch capacity (fig. 1-57) has 
two rollers with cutouts located off center so 
that cracked flares may be held In them and cut 
off without waste of tubing. It also has a re- 
tractable cutter blade that Is adjusted by turn- 
ing a knob. The other tube cutter shown Ifl de- 
signed to cut tubing up to and Including 3/4 and 
1 Inch outside diameter. Rotation of the tri- 
angular portion of the tube cutter within the 
tubing will eliminate any burrs. 

FLARING TOOLS (fig. 1-58) are used to 
flare soft copper, brass, or aluminum. The 
single flaring tool consists of a spilt die block 
that has holes for 3/16-, 1/4- , 5/16-, 3/8-, 



7/l6-,and 1/2-lnch outer diameter (o.d.) tubing, 
a clamp to lock the tube In the die block, and a 
yoke that slips over the die block and has a 
compressor screw and a cone that forms a 45° 
flare or a bell shape on the end of the tube. The 
screw has a T-handle. A double flaring tool 
has the additional feature of adapters that turn 
In the edge of the tube before a regular 45 
double flare Is nude. It consists of a die block 
with holesfor 3/16- , 1/4-, 5/16-, 3/8-, and 1/2- 
lnch tubing, a yoke with a screw and a flaring 
cone, plus five adapters for different size tub- 
ing, all carried In a metal case. 

WOODCUTTING HAITOTOOLS 

A man working with wood uses a large va- 
riety of handtools. He should be familiar with 
these tools, their proper names, the purpose for 
which they are used, and how to keep them In 
good condition. 
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Figure 1-50,— Flaring tools. 
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Figure 1-59,— Nomenclature of a handsaw. 
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Figure 1-60,— "Set" of hand saw teeth. 



In this section of the text, only the basic 
woodcutting tools are covered. It includes 
tools that any man in the Navy may have the 
occasion to use during his career, 

HANDSAWS 

The most common carpenter's handsaw con- 
sists of a steel blade with a handle at one end. 



2g.l5(44B) 
Figure 1-81,— Comparing rip and 
crosscut- saw teeth. 

The blade is narrower at the end opposite the 
handle. This end of the blade is called the 
"point" or "toe," The end of the blade nearest 
the handle Is called the 'lieel" (fig- 1-59). One 
edge of the blade has teeth, which act as two 
rows of cutters. When the saw is used, these 
teeth cut two parallel grooves close together. 
The chips (sawdust) are pudied out from be- 
tween the grooves (kerf) by the beveled part of 
the teeth. The teeth are bent alternately to one 
side or the other, to make the kerf wider than 
the thickness of the blade. This bending Is 
caUed the "set" of the teeth (fig, 1-60), The 
number of teeth per Inch, the size and shape of 
the teeth, and the amount of set depend on the 
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BACK SAW 



DOVETAIL SAW 




29. 20-. 22 

Figure 1-62. -Special saws. 



use to be made of the saw and the material to 
be cut. Carpenter's handsaws are described by 
the number of points per inch. By custom, 
there Is always one more point than there are 
teeth per Inch. A number stamped near the 
handle gives the number of points of the saw. 

Cross-cut and Rip Saws 

Woodworking handsaws designed for general 
cutting consist of RIPSAWS and CROSSCUT 
saws. Ripsaws are used for cutlii;;^ with the 
grain and crosscut saws are for cutting across 
the grain. 



The major difference between a ripsaw and 
a crosscut saw is the shape of the teeth. A 
tooth with a square-faced chisel-type cutting 
edge, like the ripsaw tooth shown in figure 1-61, 
does a good job of cutting with the grain (called 
ripping), but a poor job of cutting across the 
grain (called crosscutting). A tooth with a 
beveled, knifetype cutting edge, like the cross- 
cut saw tooth shown in the same figure, does a 
good job of cutting across the grain, but a poor 
job of cutting with the grain. 

Special Purpose Saws 

The more common types of saws used for 
special purposes are shown in figure 1-62. The 
BACKSAW is a crosscut saw designed for saw- 
ing a perfectly straight line across the face of a 
piece of stock. A heavy steel backing along the 
top of the blade keeps the blade perfectly 
straight. 

The DOVETAIL saw is a special type of 
backsaw with a thin, narrow blade and a chisel- 
type handle. 

The COMPASS saw is a long, narrow, taper- 
ing ripsaw designed for cutting out circular or 
other nonrectangular sections from within the 
margins of a board or panel. A hole is bored 
near the cutting line to start the saw. A KEY- 
HOLE saw is simply a finer, narrower compass 
saw. 

The COPING saw is used to cut along curved 
lines as shown in figure 1-62. 

Saw Precautions 

A saw that is not being used should be hung 
up or stowed in a toolbox. A toolbox designed 
for holding saws has notches that hold them on 
edge, teeth up. Stowing saws loose In a toolbox 
may allow the saw teeth to become dulled or 
bent by contacting other tools. Some right and 
wrong methods of using and caring for a saw 
are shown in figure 1-63. Be sure to read the 
captions for each section of the Illustration. 

Before using a saw, be sure there are no 
nails or other edge-destroying objects In the 
line of the cut. When sawing out a strip of 
waste, do not break out the strip by twisting the 
saw blade. This dulls the saw and may spring 
or break the blade. 

Be sure that the saw will go through the full 
stroke without striking the floor or some other 
object. If the work cannot be raised high enough 
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* DO HOT PILE TOOLS ON TOP OF THE BENCH SO AS TO 
DISTORT BLADE 

(J) LOOK CAREFULLY OVER REPAIR OR ALTERATION WORK; 
SEE THAT ALL NAILS ARE REMOVED TO AVOID 
CUTTING INTO METAL 



0 
(D 



STRIPS OF WASTE SHOULD NOT BE TWISTED OFF WITH 

BLADE, BUT BROKEN OFF WITH HAND OR MALLET. 
SUPPOF. NG THE WASTE SIDE OF WORK WILL PRE- 
VENT . LITTING OFF. 

RAISE THE WORK TO A HEIGHT SUFFICIENT TO KEEP 
THE BLADF FROM STRIKING THE FLOOR. IF THE 
WORK CANNOT BE RAISED, LIMIT THE STROKE. 



44.14 



Fijj;iiro 1-G3.-Care of liandsiiws. 



to obtain full clearance for the saw, you must 
carefully limit the len^^th of each stroke. 

Using A Hand Saw 

To saw across the grain of the stock, use the 
crosscut saw, and to saw with the grain, use a 
ripsaw. Study the teeth In botli kinds of saws so 
you can readily Identify the saw that you need. 

Place the board on a saw horse (fig. 1-64), 
or some other suitable object. Hold the saw In 
the rlglht hand and extend the first finger along 
the handle as shown In the figure. Grasp the 
board as shown and take a position so tliat an 



imaginary line passing lengthwise of the right 
forearm will bo at an angle of approximately 45 
degrees with the face of the board. Be sure the 
side o£ the saw is plunib or at right angles with 
the face of the board. Place the heel of the saw 
on the mark. Keep the saw inline with the fore- 
arm and pull iL toward you to Btart the cut. 

To begin with, lake 8i;ort, light strokes, 
gradually Increasing the strokes to the full 
length of the saw. Do not force or jerk* the saw. 
Such procedure will only nuke sawing more 
dlffl(!ult. The arm tliiit does the sawing should 
swing clear of your lx)dy so that the handle of 
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44.101 

Figure 1-64. --Proper position 
for sawing a board to size. 




44.102 
Figure l-65.^Uaing 
a wedge In a saw 
korf to prevent 
binding. 



the saw operates at your sido rather than In 
front of you. 

Use one hand to operate the saw. You may 
be tempted to use both hands at times, but If 
your saw Is sharp, one hand will serve you bet- 
ter. The weight of the saw is sufficient to make 
It cut. Should the saw stick or bind. It may be 
because the saw is dull and Is poorly "set.** 
The wood may have too much moisture In It, or 
you may have forced the saw and thus have 
caused it to leave the straight line. 
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A B C 

29.12A 

Figure 1-66. -Parts of a bench plane.' 




B 

C 



29.12B 

Figure i-67.- Plane iron and plane iron cap. 



Keep your eye on the line rather than on the 
saw while sawing. Watching the line enables 
you to see instantly any tendency to leave the 
line. A slight twist of the handle, and taking 
shor^, strokes while siiwing, will bring the saw 
back. Blow away the sawdust frequently so you 
can see the layout line. 

Final strokes of the cut should be taken 
slowly. Hold the waste piece In your other .and 
so the stock will not spilt when taking the last 
stroke. 

Short boards may be placed on one sawhorse 
when sawing. Place long boards on two saw- 
horses, but do not saw so your weight falls be- 
tween them or your saw will bind. Place long 
boards so that your weight )s directly on one 
end of the ixjard over one sawhorse while the 
other end of the board rests on the other saw- 
horse. 

Short pieces of stock are more easily cut 
when they are held In a vise. When ripping 
sliort stock It is Important that you keep the 
saw from sticking, so 11 nuiy be necessary to 
take a squatting position. The saw can then take 
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A B C 



29.12C 

Figure 1-68.— Manipulation of the adjust- 
ing nut moves the plane iron up or 
down. 




ABC 

29.12D 

Figure 1-69.— Effect of manipulation of the 
lateral adjustment lever. 



upward direction and thus work easily , When 
ripping long boards it will probably bo neces- 
sary to use a wedge In the saw kerf to prevejit 
Wndlng (fig. 1-65). 

PLANES 

The plane Is the most extensively usee y! the 
hand shaving tools* Most of the lumber handled 
by anyone working with wood is dressed on all 
four sideSy but when performing jobs uur \ as 
fitting doors and sash, Bnd interior trl ^ >rk, 
planes must be used. 

Bench and block plai^.. arede v gen- 

eral Burfkce smoothing an<^. er^duiing. Otlier 
planes are designed for special typoa of dui'faco 
work. 

The principal parts of a bench piano and the 
manner In which they are assembled, are chown 
in figure 1-66. The part at the rear that you 
grasp to push the plane ahead is called the 
handle; the part at the front that you grasp to 
guide the plane along its course Is called the 




29.12 

Figure 1-70.— Types of bench planes and 
block plane. 



knob. The main body of the plane, consisting of 
the bottom, the sides, and the sloping part which 
carries the plane Iron, is called the frame. The 
bottom of the frame is called the sole, and the 
opening in the sole, throug)i which the blade 
emerges, is called the mouth. The front end of 
the sole Is called the toe; the rear end, the heel. 

A plane Iron cap, which is screwed to the 
upper face of the plane iron, deflects the shav- 
ing upward through the mouth, ae Indicated in 
figure 1-67C, and thus prevents the mouth from 
becoming choked with jammed shavings. The 
edge of the cap should fit the back of the iron 
as shown in figure 1-67A, not as shown in 
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figure 1-67B. The lower end of the plane iron 
cap should be set back 1/32 In. from the edge 
of the plane top, as shown In figure 1-67A. The 
Iron In a bench plane goes In bevel-down. 

The edge of the plane Iron Is brought Into 
correct cutting position by the naanlpulation of 
first the ADJUSTING NUT and next the LAT- 
ERAL ADJUSTMENT LEVER, as shown In fig- 
ures 1-68 and 1-69. The adjusting nut moves 
the edge of the iron up or down; the lateral ad- 
justment lever cants it to the right or left. To 
adjust the plane you hold It upside-down, sight 
along the sole from the toe, and work the ad- 
Justing nut until the edge of the blade appears. 
Then work the lateral adjustment lever until the 
edge of the blade Is In perfect allnement with 
the sole, as shown In figures 1-68B and 1-69B. 
Then use the adjusting nut to give the blade the 
amount of protrusion you want. This amount 
will depend, of course, upon the depth of the cut 
you Intend to make. 

There are three types of bench planes (fig. 
1-70): the SMOOTH plane, the JACK plane, and 
the JOINTER plane (sometimes called the FORE 
plane or the GAGE plane). All are used pri- 
marily for shaving and smoothing with the 
grain; the chief difference Is the length of the 
sole. The sole of the smooth plane Is about 9 
In. long, the sole of the jack plane about 14 In. 
long, and the sole of the jointer plane from 20 
to 24 In. long. 

The longer the sole of the plane Is, the more 
uniformly flat and true the planed surface will 
be. Consequently, which bench plane you should 
use depends upon the requirements with regard 
to surface trueness. The smooth plane Is, In 
general, smoother only; It will plane a smooth, 
but not an especially true surface In a short 
time. It Is also used for cross-grain smoothing 
and squaring of end- stock. 

The jack plane Is the general »'jack-of-all- 
work" of the bench plane group. It can take a 
deeper cut and plane a truer surface than the 
lUZMKith plane. The jointer plane lo used when 
Ukf^ pluiicd 'iurfaco muei meet the hlgheat ro- 
UHivmneutf^ with regard to trueneas. 

A DLOCK PLAN2 and the nam^fi of itc parts 
are nU'.iPn In figure 1-71. Note that the plane 
irua in ? block plane does not have a plane iron 
ciip, ' ^vl also that, unlike the Iron la a bench 
riJ. t*t\ the Iron In a block plane goes In bevel- up. 

The block plane, which Is usually held at an 
angle to the work. Is used chiefly for cross- 
grain squaring of end- stock. It Is also useful, 
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Figure 1-71.— Block plane nomenclature. 



however, for smoothing all plane surfaces on 
very small work. 

BORING TOOLS 

When working with wood, you will frequently 
be required to bore holes. It Is Important, 
therefore, that you know the proper procedures 
and tools used for this job. Auger bits and a 
variety of braces and drills are used exten- 
sively for boring purposes. 

Auger Bits 

Bits are used for boring holes for screws, 
dowels, and hardware, as an aid In mortising 
(cutting a cavity In wood for Joining members) 
and in shaping curves and for many other pur- 
poses. Like saws and planes, bits vary In shape 
and structure with the type of job to be done. 
Some of the most common bits are described In 
this section. 

AUGER bits are screw-shaped tools consist- 
ing of six parts: the cutter, screw, spur, twist, 
Bhank, and tang (fig. 1-72). The twist ends 
with two sharp points called the spurs, which 
score the circle, and two cutting edges v/hlch 
cut shavings within the scored circle. The 
screw centers the bit and draws It Into the 
wood. The threads of the scr&w are made In 
three different pitches: steep, medium, and 
fine. The steep pitch makes for quick boring 
and thick chips, and the fine or slight pitch 
makes for slow boring and fine chips. For end- 
wood boring, a steep- or medium-pitch screw 
bit should be used because end wood Is likely to 
be forced In between the fine screw threads, 
and that will prevent the screw from taking 
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-ICHEW ^IPUR "-TWIST 



44.20 



Figure 1-72.— Nomenclature of an auger bit. 
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4.33:44.20(44B) 
Figure 1-75,— Brace and drills. 



44,20F 
Figure 1-73.— Size mark- 
ings on auger bits. 
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Figure 1-74.— Expansive bit. 



hold. The twist carries the cuttings away from 
the cutters and deposits them In a mound 
around the hole. 

The sizes of auger bits are indicated In six- 
teenths of an Inch and are stamped on the tang 
(fig. 1-73). A number 10 stamped on the tang 
means 10/16 or 5/8 In.; number 5 means 5/16 
In. and so on. The most common woodworkers 
auger bit set ranges In size from 1/4 to 1 In. 

Ordinary auger bits up to 1 In. In diameter 
are from 7 to 9 Inches long. Short auger bits 
that are abcut 3 1/2 Inches long are called 
DOWEL bltfl. 

EXPANSIVE augor bits hay« adjustable cut- 
ters, for borln<^ holes of dUiflrent diameters 
(fig. 1-74). Expansive nits ar generally made 
In two different sizes. The largest size hag 
three cutters and bores holes ;»p to 4 Inches in 
dlaniet'Sr. A s^.o on tlie cutter blade Indicates 
the diameter oHhe hole to be tx)rcd. 

Braces and Drills 

The auger bit Is the too) . ii^ / 'Joe'J 

the cutting In the wood; how^*^' Ai."e:i- 
sary that another tool be used c; ♦^.'i ;iJ>^(?:r 
bit and glvi* you enough leverage to turn I " 
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V- GROOVES 




44.20G 

Figure 1-76.— Placing an auger bit 
In a chuck. 
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LUMBER 
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44.20H 

Figure i-77.— Using scrap lumber to pre- 
vent splintering wheffborlng. 



The tools most often used for holding the bit are 
the carpenter's brace, breast drill, and push 
drlU (fig. 1-75). 

BORING THROUGH HOLES IN WOOD.^To 
bore a bole in wood with an auger bit, first 




44.20K 

Figure 1-78. -Method of sighting In for 
perpendicular hole. 




44.20L 

Figure 1-79.— Boring a through 
hole by reversing direction. 



flolect the proper fit Indicated on or near the 
square tang. Then you Insert the auger bit Into 
the chuck (fig. 1-76). 

To chuck the bit, hold the shell of the chuck 
(fig. 1-76A), as you turn the handle to open the 
jaws. When the jaws are apart far enough to 
take the square tang of the bit. Insert It (fig. 
1-76B), until the end seats In the square driving 
socket at the bottom of the chuck. Then tighten 
the chuck by turning the handle to close the jaws 
and hold the bit In place. 

With a chuck havlnp no driving socket (a 
square hole which Is visible if you look directly 
Into the chuck) ^ additional care must be taken 
to seat and center the corners of the tapered 
shank In the V grooves of the chuck jaws. 
(See figure 1-76C.) In this type of chuck the 
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44,20(4) 

Figure 1-80, -Twist drills (Sizes 
No. 1 to No. GO), 



jaws serve to hold the bit in the center and to 
prevent It from coming out of the chuck. 

After placing the point of t!ie feed screw at 
the location of the center of the hole you will 
bore, steady the brace against your body, if 
possible, with the auger bit square with Uie 
surface of the work. 

To bore a horizontal hole in the stock held In 
the bench vise, hold the hoad of the brace with 
one hand, steadying it against your body, while 
turning the handle with the oUier hand. Scrap 
stock behind the job will prevent splintering 
(fig. 1-77). 

When it is m)t i:)ossible to make a full turn 
with the handle of the bit brace, turn the cam 
ring, shown In figure 1-75, clockwise until It 
stops. This will raise one of the two ratchet 
pawls affording clockwise ratchet action for 
rotating the bit. For counterclockwise ratchet 
action, turn the cam ring counterclockwise as 
far as It will go. 

To bore a vertical hole in stock held In a 
bench vlse,hol<l tliO brace and bit pL-rpendlcular 
to the surface < : iho work. Placing a trysquare 




44.20R 

Figure 1-81. -Drilling a hole In wood 
with a twist drill. 



near the bit, alternately In the two positions 
shown in figure 1-78, will help you sight it In* 
Another way to bore a through hole without 
splitting out on the opi^slie face is to reverse 
the bit one or two turns when the feed screw 
just becomes visible through this opposite face 
(fig. 1-79A). This win release the bit. Remove 
the bit while pulling It up and turning It clock- 
wise. This win remove the loose chips from 
the hole. Finish the hole by boring from the 
opposite face. This will remove the remaining 
material which Is usuany In the form of a 
wooden disk held fast to the feed screw (fig. 
1-79B). 

DRILLING HOLES WITH A TWIST DRILL.- 
An ordinary twist drill may be used to drill 
holes in wood. Select a twist drlU of the size 
required (fig. 1-80) and secure It In the chuck 
of a drill. 

In figure 1-81, the twist drill has been 
chucked. Notice that the job Is secured to the 
table with a pair of C-clamps. Beneath the Job 
Is a block of wood. In drilling through wood, a 
backup block Is used to ensure a clean hole at 
the bottom of the job. 

Figure 1-82 shows a hole being drilled with 
a breast drill. Turn the crank handle with one 
hand as you hold the aide handle with the other 
hand. This will steady the breast drill while 
feed pressure Is applied by resting your chest 
on the breastplate shown In figure 1-82. Notice, 
too, that the breast drill has a high or a low 
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4.33A 

Figure l-82.--Drilllng a hole with 
a breast drill. 

speed available, according to the setting of the 
speed selector nut. When drilling a horizontal 
hole, apply feed pressure by resting your body 
against the breast plate. 

In drilling a horizontal hole with the hand 
drill shown In figure 1-83, operate the crank 
with the right hand and with the left hand guide 
the drill by holding the handle which Is opposite 
the chuck end of the drill. 

DRILLING HOLES WITH A 'TUSK'' DRILL.-- 
Figure 1-84A shows the Stanley 'Tankee" auto- 
matic drill which Is often called a ''push'' drill. 




4.34A 

Figure 1-83.— Drilling a hole with 
a hand drill. 




B 

44.116 

Figure l-84.-Push drill and drill point. 




44.117 

Figure l-85.-Selectlng a drill for 
uoe In a push drill. 



This drill can be used to drill either horizontal 
or vertical holes when the accuracy of the right 
angle with the work Is not critical. 

The drill point used In push drills (fig. 
1-84B) is a straight flute drill. Sharpen Its 
point on the grinder and provide only slight 
clearance behind the cutting edge. It will drill 
holes In wood and other soft materials. 
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Figure 1-86.— Drilling horizontal and 
vertical holes with a push drill. 
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Figure 1-87.— Tang and socket 
wood chisels. 



29.9B 



To select a drill for use in a push drill, hold 
the handle of the drill in one hand and release 
the magazine by turning the knurled screw as 
shown in figure 1-85A. This will permit you to 
drop the magazine. Figure 1-85B, shows the 
drill magazine lowered to expose the drills 
from which the proper size can be selected. 

To chuck the drill, loosen the chuck several 
turns and insert the drill as far as it will go. 
Turn the drill until it seats in the driving socket 
in the bottom of the chuck. Then tighten the 
chuck to hold the drill in place, (fig. 1-85C). 

To drill a vertical hole with this drill (fig, 
1-86A), place the job on a flat surface and op- 
erate the push drill with alternate strokes up 




BUTT CHISEL 

29.9C 

Figure 1-88.— Shapes of common types 
of wood chisels. 

and down. If it is necessary to hold the work in 
place while it is being drilled, use some me* 
chanical means if you can. If you must hold the 
job with your hand, grasp the material as far as 
possible from where the drill is drilling. 

In drilling horizontal holes with the push 
drill, as in figure 1-86B, secure the job in a 
vise. The back and-forth strokes rotate the 
drill, advancing it into the work on the forward 
stroke as the drilling proceeds. The index 
finger, extended along the body of the tool, will 
help guide the drilling at ri^t angles to the 
work. 

WOOD CHISELS 

A wood chisel is a steel tool fitted with a 
wooden or plastic handle. It has a single bev- 
eled cutting edge on the end of the steel part, or 
blade. According to their construction, chisels 
may be divided into two general classes: TANG 
chisels, in which part of the chisel enters the 
handle, and SOCKET chisels, in which the handle 
enters into a part of tlie chisel (fig. 1-87). 
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A socket chisel is designed for striking with 
a wooden mallet (never a steel hammer), while 
a tang chisel is designed for hand manipulation 
only. 

Wood chisels are also divided into types, de- 
pending upon their weights and thicknesses, the 
shape or design of the blade, and the work they 
are intended to do. 

The shapes of the more common types of 
wood chisels are shown in figure 1-88. The 
FIRMER chisel has a strong, rectangular- 
cross-section blade, designed for both heavy 
and light work. The blade of the PARING chisel 
is relatively thin, and is beveled along the sides 
for the fine paring work. The BUTT chisel has 
a short blade, designed for work in hard-to-get- 
at places. 

The butt chisel Is commonly used for chisel- 
ing the GAINS (rectangular depressions) for the 
BUTT hinges on doors; hence the name. The 
MORTISING chisel is similar to a socket firmer 
but has a narrow blade, designed for chiseling 
out the deep, narrow MORTISES for mortise- 
and-tenop. joints. This work requires a good 
deal of levering out of chips; consequently, the 
mortising chisel is made extra thick in the 
shaft to prevent breaking. 

A FRAMING chisel is shaped like a firmer 
chisel, but has a very heavy, strong blade de- 
signed for work in rough carpentry. 

A wood chisel should always be held with the 
flat side or back of the chisel against the work 
for smoothing and finishing cuts. Whenever 
possible, it should not be pushed straight 
through an opening, but should be moved lat- 
erally at the same time that it is pushed for- 
ward. This method ensures a shearing cut, 
which with care, will produce a smooth and even 
surface even when the work is cross-grained. 
On rough work, use a hammer or mallet to drive 
the socket- type chisel. 

On fine work, use your hand as the driving 
power on tang-type chisels. For rough cuts, 
the bevel edge of the chisel is held against the 
work. Whenever possible, other tools such as 
saws and planes should be used to remove as 
much of the waste as possible, and the chisel 
used for finishing purposes only. 

These are a few basic precautions that you 
should observe at all times when using a chisel, 

a. Secure work so that it cannot move. 

b. Keep both hands back of the cutting 
edge at all times. 



c. Do not start a cut on a guideline. Start 
slightly away from it, so that there is a small 
amount ot material to be removed by the finish- 
ing cuts. 

d. When starting a cut, always chisel 
away from the guideline toward the waste wood, 
so that no splitting will occur at the edge. 

e. Never cut towards yourself with z. 
chisel. 

f. Make the sl^.avin^s thin, especially 
when finishing. 

g. Examine the grain of the wood to see 
which way it runs. Cut with the grain. This 
severs the fibers and leaves the woo*^ sr ; .h. 
Cutting against the grain splits the wooci and 
leaves it rough. This type of cut cannot be 
controlled. 
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Figure 1-89.— Screwdrivers. 
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SCREWDRIVERS 

A screwdriver is one of the most basic of 
basic handtools. It Is also the most frequently 
abused of all handtools* It is designed for one 
function only— to drive and remove screws* A 
screwdriver should not be used as a pry bar, a 
scraper, a chisel, or a punch. 



n parts to a standard 
you grip Is called the 
.1 extending from the 
xi the end which fits into 
uie blade (fig. 1-89). 



STANDARD 

There are ' 
screwdrlve: 
handle, the 
handle Is tht 
the screw Is ca.ii 

The steel shank is designed to withstand 
considerable twisting force In proportion to its 
size, and the tip of the blade Is hardened to keep 
It from wearing. 

Standard screwdrivers are classified by 
size, according to the comblr«*-J length of the 
shank and blade. The most coinuion sizes range 
In length from 2 1/2 In. to 12 In. There are 
many screwdrivers smaller and some larger 
for special purposes. The diameter of the 
shank, and the width and thickness of the blade 
are generally proportionate to the length, but 
again there are special screwdrivers with long 
thin shanks, short thick shanks, and extra wide 
or extra narrow blades. 

Screwdriver handles may be wood, plastic, 
or metal. When metal handles are used, there 
Is usually a wooden hand grip placed on each 
side of the handle. In some types of wood- or 
plastic-handled screwdrivers the shank extends 
through the handle, while In others the shank 
enters the handle only a short way and Is pinned 
to the handle. For heavy work, special types of 
screwdrivers are made with a square shank. 
They are designed this way so thai they may be 
gripped with a wrench, but Uiis Is the only kind 
on which a wrench should be used. 

When using a screwdriver It Is Important to 
select the proper size so that the blade fits the 
screw slot properly. This prevents burring the 
slot and reduces the force required to hold the 
driver in the slot. Keep the shank perpendicu- 
lar to the screw head (fig. 1-90). 

RECESSED 

Recessed screws are now available In vari- 
ous shapes. They have a cavity formed In the 
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1.14(44B)B 
Figure 1-90.— Positioning screwdrivers. 
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29.123(44B) 

Figure 1-91.— Comparison of Phillips, Reed, 
and Prince and Torq-Set screwheads. 




(A) PHILLIPS 




(B)REEO AND PRINCE 

1.14(44B)C 

Figure 1-92.— Matching cross-slot screws 
and drivers. 



head and require a specially shaped screw- 
driver. The clutch tip (fig. 1-89) is one shape, 
but the more common Include the Phillips, Reed 
and Prince, and newer Torq-Set types (fig. 
1-91). The most common type found Is 'he 
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Phillips head screw. This requires a Phillips- 
type screwdriver (fig. 1-89). 

Phillips Screwdriver 

The head of a Phillips-type screw :ias a 
four-way slot into which the screwdrive its. 
This prevents the screwdriver from slipping. 
Three standard sized Phillips screwdrivers 
handle a wide range of screw sizes. Their abil- 
ity to hold helps to prevent damaging the slots 
or the work surrounding the screw. It Is a poor 
practice to try to une ^ standard screwdriver on 
a Phillips 8c:ew because both the tool and 
screw slot will be damageu. 

^Ceed and Prince Screwdriver 

Reed and Prince screwdrivers are not inter- 
changeable with Phillips screwdrivers. There- 
fore, always use a Reed and Prince screwdriver 
with Reed and Prince scrc^rs and a Phillips 
screwdriver with Phillips screws, or a ruined 
tool or ruined screwhead will result. 

How do you distinguish between these similar 
screwdrivers? Refer to figure 1-92. 

The Phillips screwdriver has about 30-degree 
flukes and a blunt end, while the Reed and 
Prince has 45-degree flukes and a sharper, 
pointed end. The Phillips screw has beveled 
walls between the slots; the Reed and Prince, 
straight, pointed walls. In addition, the Phillips 
screw slot is not as deep as the Reed and 
Prince slot. 

Additional ways to identify the right screw- 
driver are as follows: 

1. If It tends to stand up unassisted when 
the point is put in the head oif a vertical screw, 
it Is probably the proper one. 

2. The outline of the end of a Reed and 
Prince screwdriver is approximately a right 
angle, as seen in the illustration. 

3. In general. Reed and Prir e screws are 
used for airframe structural applications, while 
Phillips screws are found most often in com- 
ponent assemblies. 

•Torq-Set" Screws 

•Torq-Set" machine screws (offset cross- 
slot drive) have recently begun to appear In 
new equipment. The main advantage of the 
newer type Is that more torque can be applied 
to its head while tightening or loosening than 



any other screw of comparable size and mate- 
rial without damaging the head of the screw. 

Torq-Set machine screws are similar in 
appearance to the more familiar Phillips ma- 
chine screws. 

Since a Phillips driver could easily damage 
a Torq-Set screwhead, making it difficult If not 
impossible to remove the screw even if the 
proper tool is later used, maintenance person- 
nel should be alert to the differences (fig. 1-91) 
and ensure that the proper tool is used. 

OFFSET SCREWDRIVERS.-An offset screw- 
driver (fig. 1-89) may be used where there is 
not sufficient vertical space for a standard or 
recessed screwdriver. Offset screwdrivers 
are constructed with one blade forged in line 
and another blade forged at right angles to the 
shank handle. Both blades are bent 90 degrees 
to the shank handle. By alternating ends, most 
screws can be seated or loosenc:' even when 
the swinging spacs is very restricted. Offset 
screwdrivers are ^nade for both standard and 
recessed head scre'^/u. 

RATCHET SCREWDr;IVER 

For fast easy work the ratchet screwdriver 
(fig. 1-89), is extremely convenient, as it can 
be used one-handed and does not require the 
bit to be lifted out of the slot after each turn. It 
may be fitted with either a standard type bit or 
a special bit for recessed heads. The ratchet 
screwdriver is most commonly used by the 
woodworker for driving screws in soft wood. 

SAFETY 

• Never use a screwdriver to check an 
electrical circuit. 

• Never try to turn a screwdriver with a 
pair of pliers. 

• Do not hold work in your hand while using 
a screwdriver— if the point slips it can cause a 
bad cut. Hold the work in a vise, with a clamp, 
or on a solid surface. If that is impossible, 
you will always be safe if you follow this rule: 
NEVER GET ANY PART OF YOUR BODY IN 
FRONT OF THE SCREWDRIVER BLADE TIP. 
That Is a good safety rule for any sharp or 
pointed tool. 

PLIERS 

Pliers are made in many styles and sizes 
and are used to perform many different 
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1.21(44B)A 

Figure l-93.-Pliers. 




1.21.4A 

Figure 1-94.— Sllpjolnt pliers. 



operations. Pliers are used for cutting pur- 
poses as well as holding and gripping small 
articles In situations where It may be Incon- 
venient or Impossible to use hands. Figure 
1-93 shows several different kinds. 

The combination pliers are handy for holding 
or bending flat or round stock. The long-nosed 
pliers are less rugged, and break easily if you 
use them on heavy jobs. Long-nosed pliers 
commonly called needle-nose pliers are espe- 
cially useful for holding small objects In tight 
places and for making delicate adjustments. 
The round-nosed kind are handy when you need 
to crimp sheet metal or fo'^m a loop in a wire, 
The diagonal cutting pliers, commonly called 
''diagonals" or "dikes," are designed for cutting 
wire and cotter pins close to a flat surface and 
are especially useful In the electronic and elec- 
trical fields. The duckbill pliers are used ex- 
tensively in aviation areas. 

Here are two Important rules for using 
pliers: 




1.21.4B 

Figure l-95.-Sllpjolnt 
combination pliers. 



1. Do not make pliers work beyond their 
capacity. The long-nosed kind are especially 
delicate. It Is easy to spring or break them, or 
nick their edges. After that, they are practi- 
cally useless. 

2. Do not use pliers to turn nuts. In just a 
few seconds, a pair of pliers can damage a nut. 
Pliers must not be substituted for wrenches. 

SLIP- JOINT PLIERS 

Slip-joint pliers (fig. 1-94) are pliers with 
straight, serrated (grooved) jaws, and the screw 
or pivot with which the jaws are fastened to- 
gether may be moved to either of two positions. 
In order to grasp small- or large- sized ob- 
jects better. 

To spread the jaws of slip- joint pliers, fl: 3t 
spread the ends of the handles apart as fa^ as 
possible. The slip-joint, or pivot, will now 
move to the open position. To close, again 
spread the handles as far as possible, then push 
the joint back Into the closed position. 
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44.22 

Figure Water pump pliers. 




L21(44B)B 
Figure 1-98.— Channel-lock pliers. 



Slip-joint combination pliers (fig. 1-95) are 
pliers similar to the slip-joint pliers just 
described, but with the additional feature of a 
side cutter at the junction of the jaws. This 
cutter consists of a pair of square cut notches, 
one on each Jaw, which act like a pair of shears 
when an object is placed between them and the 
Jaws are closed. 

The cutter Is designed to cut niaterlal such 
as soft wire and nails. To use the cutter, open 
the jaws until the cutter on either jaw lines 
with the other. Place the material to be cut as 
far back as possible Into the opening formed by 
the cutter, and squeeze the handles of the pliers 
together. Do not attempt to cut hard material 
such as spring wire or hard rivets with the 
combination pliers. To do so will spring the 



jaws; and if the jaws are sprung, it will be dif- 
ficult thereafter to cut sma.ll wire with the 
cutters. 

WRENCH (VISE-GRIP) PLIERS 

Vise- grip pliers (fig. 1-96), can be used for 
holding objects regardless of their shape. A 
screw adjustment in one of the handles makes 
them suitable for several different sizes. The 
jaws of vise-grips may have standard serra- 
tions such as the pliers just described or may 
have a clamp-type jaw. The clamp-type jaws 
are generally wide and smooth and are used 
primarily when working with sheet metal. 

Vise-grip pliers have an advantage over 
other types of pliers in that you can clamp them 
on an object and they will stay. This will leave 
your hands free for other work. 

A craftsman uses this tool a number of ways. 
It may be used as a clamp, speed wrench, port- 
able vise, and for many other uses where a 
locking, plier type jaw may be employed. These 
pliers can be adjusted to various jaw openings 
by turning the -.nurled adjusting screw at the 
end of the handle (fig. 1-96). Vise-grips can 
be clamped and locked In position by pulling 
the lever toward the handle. 

CAUTION: Vise-grip pliers should be used 
with care since the teeth In the jaws tend to 
damage the object on which they are clamped. 
They should not be used on nuts, bolts, tube fit- 
tings, or other objects which must be reused. 

WATER- PUMP PLIERS 

Water-pump pliers were originally designed 
for tightening or removing water pump packing 
nuts. They were excellent for this job because 
they have a jaw adjustable to seven different po- 
sitions. Water-pump pliers (fig. 1-97) are 
easily identified by their size, jaw teeth , and 
adjustable slip joint. The Inner surface of the 
jaws consists of a series of coarse teeth formed 
by deep grooves, a surface adapted to grasping 
cylindrical objects. 

CHANNEL-LOCK PLIERS 

Channel-lock pliers (fig. 1-98) are another 
version of water-pump pliers easily Identified 
t)y the extra long handles, which make them a 
very powerful gripping tool. They are shaped 
approximately the same as the pliers just 
described, but the jaw opening adfustment is 
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effected differently. Channel-lock pliers have 
grooves on one jaw and lands on the other. The 
adjustment Is effected by changing the position 
of the grooves and lands. The Channel-lock 
pliers are less likely to slip from the adjust- 
ment setting when gripping an object. The 
channel-lock pliers will only be used where it 
Is Impossible to use a more adapted wrench or 
holding device. Many nuts and bolts and sur- 
rounding parts have been damaged by improper 
use of channel-lock pliers. 

DIAGONAL PLIERS 

Diagonal cutting pliers (fig. 1-93) are used 
for cutting small, light material, such as wire 
and cotter pins in areas which are inaccessible 
to the larger cutting tools. Also, since they are 
designed for cutting only, larger objects can be 
cut than with the slip- joint pliers. 

As the cutting edges are diagonally offset 
approximately 15 degrees, diagonal pliers are 
adapted to cutting small objects flush with a 
surface. The inner jaw surface is a diagonal 
straight cutting edge. Diagonal pliers should 
never be used to hold objects, because they ex- 
ert a greater shearing force than other types of 
pliers of a similar size. The sizes of the di- 
agonal cutting pliers are designated by the 
overall length of the pliers. 

SIDE-CUTTING PLIERS 

Side-cutting pliers lecutters) are prin- 
cipally used for holding, bending, and cutting 
thin materials or smaP gage wire. Sidecutters 
vary In size and are designated by their overall 
length. The jaws are hollowed out on one side 
just forward of the pivot point of the pliers. 
Opposite the hollowed out portion of the jaws 
are the cutting edges (fig. 1-93). 

When holding or bending light metal surfaces, 
the jaw tips are used to grasp the object. When 
holding wire grasp it as near one end as pos- 
sible because the jaws will mar the wire. To 
cut small diameter wire the side cutting edge 
of the jaws near the pivot is used. Never use 
sidecutters to grasp large objects, tighten nuts, 
or bend heavy gage metal, since such operations 
will spring the jaws. 

Sldecuttr are often called electrician or 
lineman pL . They are used extensively for 
stripping Inbuiatlon from wire and for twisting 
wire when making a splice. 




(C) 

1.21(44B)C 
Figure l-99.-.Pllers. (A) Duckbill; 
(B) needle nose; and (C) wire 
twister. 



DUCKBILL PLIERS 

Duckbill pliers (fig. l-99A),have long wide 
jaws and slender handles. Duckbills are used 
in confined areas where the fingers cannot be 
used. The jaw faces of the pliers are scored to 
aid In holding an Item securely. Duckbills are 
ideal for twisting the safety wire used In secur- 
ing nuts, bolts, and screws. 

NEEDLE-NOSE PLIERS 

Needle-nose pliers (fig. 1-99B), are used in 
the same manner as duckbill pliers. However, 
there is a difference In the design of the Jaws. 
Needle-nose jaws are tapered to a point which 
makes them adapted to Installing and removing 
small cotter pins. They have serrations at the 
nose end and a side cutter near the throat. 
Needle-nose pliers may be used to hold* small 
items steaay, to cut and bend safety wire, or to 
do numerous other jobs which are too Intricate 
or too difficult to be done by hand alone. 

NOTE: Duckbill and needle-nose pliers are 
especially delicate. Care should be exercised 
when using these pliers to prevent springing, 
breaking, or chipping the jaws. Once these 
pliers are damaged, they are practically useless. 

WIRE-TWISTER PLIERS 

Wlre-twlster pliers (fig. l-99C),are three- 
way pliers, which hold, twist, and cut. They 
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11.3(44) 

Figure 1-100.— Common types of bench vises. 



are designed to reduce the time used in twisting 
safety wire on nuts and bolts. To operate, 
grasp the wire between the two diagonal jaws, 
and the thumb will bring the locking sleeve into 
place. A pull on the knob twirls the twister, 
making uniform twists in the wire. The spiral 
rod may be pushed back into the twister without 
unlocking it, and another pull on the knob will 
give a tighter twist to the wire. A squeeze on 
the handle unlocks the twister, and the wire can 
be cut to the desired length with the side cutter. 
The spiral of the twister should be lubricated 
occasionally. 

MAINTENANCE OF PLIERS 

Nearly all sidecutting pliers and diagonals 
are designed so that the cutting edges can be 
reground. Some older models of pliers will not 
close if material is ground from the cutting 
edges. When grinding the cutting edges never 
take any more material from the jaws than is 
necessary to remove the nicks. Grind the same 
amount of stock from both jaws. 

NOTE: When jaws on pliers do not open 
enough to permit grinding, remove^ the pin that 
attaches the two halves of the pliers so that the 
jaws can be separated. 



The serrations on the jaws of pliers must be 
sharp. When they become dull, the pliers should 
be held in a vise and the serrations recut by 
using a small 3-corner file. 

Pliers should be coated with light oil when 
they are not in use. They should be stored in a 
toolbox in such a manner that the jaws cannot be 
injured by striking hard objects. Keep the pin 
or bolt at the hinge just ti^t enough to hold the 
two parts of the pliers in contact and always 
keep the pivot pin lubricated with a few drops o^ 
light oil. 

VISES AND CLAMPS 

Vises are used for holding work when it is 
being planed, sawed, drilled, shaped, sharpened, 
or riveted, or when wood is being glued. Clamps 
are used for holding work which cannot be sat- 
isfactorily held in a vise because of its shape 
and size, or ^en a vise is not available. 
Clamps are generally used for light work. 

Figure 1-100 shows the most common bench 
vises that are used throughout the Navy. 

A MACHINIST'S BENCH VISE Is a Urge 
steel vise with rough jaws that prevent the work 
from slipping. Most of these vises have a 
swivel base with jaws that can be rotated, while 
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others cannot be rotated. A similar light duty 
model is equipped with a cutoff. These vises 
are usually bolt- mounted onto a bench. 

THE BENCH AND PIPE VISE has integral 
pipe jaws for holding pipe from 3/4 inch to 3 
inches in diameter. The maximum working 
main jaw opening is usually 5 inches, with a jaw 
width of 4 to 5 inches. The base can be swiveled 
to any position and locked. These vises are 
equipped with an am'il and are also bolted onto 
a workbench. 

Tne CLAMP BASE VISE usually has a 
smaller holding capacity than the machinist's 
or the bench and pipe vise and is usually 
clamped to the edge of a bench with a thumb- 
screw. These type vises can be obtained with a 
maximum holding capacity varying between 
1 1/2 in. and 3 in. These vises normally do not 
have pipe holding jaws. 

The BLACKSMITH'S VISE (fig. 1-101) is 
used for holding work that must be pounded with 
a heavy hammer. It is fastened to a sturdy 
workbench or wall, and the long leg is secured 
into a solid base on the floor. 

The PIPE VISE (fig. 1-101) is specifically 
designed to hold round stock or pipe. The vise 
shown has a capacity of 1 to 3 inches. One jaw 
Is hinged so that the work can be positioned and 
then the jaw brought down and locked. This vise 
is also used on a bench. Some pipe vises are 
designed to use a section of chain to hold down 
the work. Chain pipe vises range in size from 
1/8- to 2 1/2 inch pipe capacity up to 1/2- to 
8-inch pipe capacity. 

A C-CLAMP (fig. 1-102) is shaped like the 
letter C. It consists of a steel frame threaded 
to receive an operating screw with a swivel 
head, It is niade for light, medium, and heavy 
service in a variety of sizes, 

A HAh'D SCREW CLAMP (fig. 1-102) con- 
^.otc ot two hard maple jaws connected with two 
operating screws. Each jaw has two metal in- 
serts into which the screws are threaded. The 
hand screw clamp is also issued from supply in 
a variety of sizes. 

CARE 

Keep vises clean at ail times. They should 
be cleaned and wiped with light oil after using. 
Never strike a vise with a heavy object and 
never hold large work in a small vise, since 
these practices will cause the jaws to become 
sprung or otherwise damage the vise. Keep 
jaws in good condition and oil the screws and 




LOCKING DEVICE PIPE 

11.3B 

Figure 1-101.— oiacksmlth's and pipe vises. 



the slide frequently. Never oil the swivel base 
of swivel jaw joint; its holding power will be im- 
paired. When the vise is not in use, bring the 
jaws lightly together or leave a very small gap. 
(The movable jaw of a tightly closed vise may 
break due to the expansion of the metal in heat.) 
Leave the handle in a vertical position. 

Threads of C-clamps must be clean and free 
from rust. The swivel head must also be clean, 
smooth, and grit free. If the swivel head be- 
comes damaged, replace it as follows: pry 
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open the crimped portion of the head and re- 
move the head from the ball end of the screw . 
Replace with a new head and crimp. 

SAFETY PRECAUTIONS 

When closing;, ihe jaw of a vise or clamp, 
avoid getting any portion of your hands or 



body between the jaws or between one jaw and 
the work. 

When holding heavy work in a vise, place a 
block of wood under the work as a prop to pre- 
vent it from sliding down and falling on your 
foot. 

Do not open the jaws of a vise beyond their 
capacity, as the movable jaw will drop off, 
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causing persv lal injury and possible damage 
to the jaw. 

SHARPENING STONES 

Sharpening stones are divided into two 
. Mps, natural and artificial. Some of the 
nacural ston3s are oil treated during and after 
the manufacturing processes. The stones that 
are oil treated are sometimes called oilstones. 
Artificial stones are normally made of silicone 
carbide or aluminum oxide. Natural stone shave 
very fine grains and are excellent for putting 
razorlike edges on fine cutting tools. Most 
sharpening stones have one coarse and one fine 
face. Some of these stones are mounted, and 
the working face of some of the sharpening 
stones is a combination of coarse and fine 
grains. Stones are available in a vareity of 
shapes, as shown in figure 1-103. 

A fine cutting oil is generally used with most 
artificial sharpening stones; however, other 
lubricants such as kerosene may be used. When 
a tool has been sharpened on a grinder or 
grindstone, there is usually a wire edge or a 
feather edge left by the coarse wheel. The 
sharpening stones are used to hone this wire or 
feather edge off the cutting edge of the tool. Do 
not attempt to do a honing job with the wrong 
stone. Use a coarse stone to sharpen large and 
very dull or nicked tools. Use a medium grain 
stone to sharpen tools not requiring a finished 
edge, such as tools for working soft wood, cloth, 
leather, and rubber. Use a fine stone and an 
oilstone to sharpen and hone tools requiring a 
razorlike edge. 

Prevent glazing of sharpening stones by ap- 
plying a light oil during the use of the stone. 
Wipe the stone clean with wiping cloth or cotton 
waste after each use. K stone becomes glazed 
or gummed up, clean with aqueous ammonia or 
drycleanlng solvent. K necessary, scour with 
aluminum oxide abrasive cloth or flint paper 
attached to a flat block. 

At times, stones will become uneven from 
improper use. True the uneven surfaces on an 
old grinding wheel or on a grindstone. Another 
method of truing the surface Is to lap It with a 
block of cast Iron or other hard material cov- 
ered with a waterproof abrasive paper, dipping 
the stone In water at regular Intervals and con- 
tinuing the lapping until the stone Is true. 

Stones must be carefully stored In boxes or 
on special racks when not In use. Never lay 
them down on uneven surfaces or place them 




REMOVE BURR ON FINE SlOC 
OF STONE. KEEP FLAT SiDE 
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29,9N 

Figure 1-104,— Sharpening a 
woodworker's chisel. 



where they maybe knocked off a table or bench, 
or where heavy objects can fall on them. Do not 
store In a hot place^ 

SHARPENHiC A WOOD CHISEL 

To sharpen a wood chisel with a sharpening 
stone, ut e a common oilstone that has coarse 
grit on one side and fine grit on the other (fig. 
1-104). Make sure the stone Is firmly held so 
that It cannot move. Covet the stone with a 
light machine oil so that the fine particles of 
steel ground off will float and thus prevent the 
stone from clogging. 

Hold the chisei in one hand with the bevel flat 
against the coarse side of the stone. Use the 
fingers of your other hand to steady the chisel 
and hold It down against the stone. Using smooth 
even strokes, rub the chisel back and forth 
parallel to the surface of the stone (fig. 5-18). 
The entire surface of the stone should be used 
to avoid wearing a hollow In the center of the 
stone. Do not reck the blade. The angle of the 



55 



TOOLS AND THEIR USES 




44.137 

Figure 1-105.— Sharpening a pocket knife. 

blad*^ with the stone must remain constant dur- 
ing the whetting process. 

After a few strokes, a burr, wire edge, or 
feather edge is produced. To remove the burr, 
first take a few strokes with the flat side of the 
chisel held flat on the fine grit side of the stone. 
Be careful not to raise the chisel even slightly; 
avoid putting the slightest bevel on the flat side, 
for then the chisel must be ground until the 
bevel Is removed. 

After whetting the flat side on the fine grit 
side of the stone, turn the chisel over and place 
the bevel side down and hold it at the same 
angle as used when whetting on the coarse side 
of the stone. Take two or three light strokes to 
remove the burr. 

To test the sharpness of the cutting edge, 
hold the chisel where a good light will shine on 
the cutting edge. A keen edge does not reflect 
light in any position. If there are no shiny or 
white spots it is a good edge. 

SHARPENING A POCKET KNIFE 

Pocket knives may be sharpened on a me- 
dium or fine grade sharpening stone with a lew 
drops of oil spread on the surface. Hold the 
handle of the knife in one hand and place the 
blade across the stone. Press down with the 
fingers of the other hand and stroke the blade 
following a circular motion as shown in figure 
1-105. After several strokes, reverse the 
blade and stroke the opposite side, following the 
same type of motion. Use a light even pres- 
sure. A thin blade overheats quickly and can 
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44.210 
Figure 1-106.— Knives. 

lose its temper. The wire edge or burr that 
may be left on a knife blade after whetting may 
be removed by stropping both sides on a soft 
wood block, canvas or leather. 

MISCELLANEOUS TOOLS 

Tools described in this section maybe en- 
countered at some time in your Navy career. 
They may not necessarily be found in any par- 
ticular toolkit but may be stored in a central 
toolroom, to be checked out when needed. This 
section of the text will give you some tips on 
their nomenclature, where and how they can be 
used, and ^sorne safety precautions to be ob- 
served when using these tools. 

KNIVES 

Most knives are used to cut, pare, and trim 
wood, leather, rubber and other similar mate- 
rials. The types you will probably encounter 
most frequently are the shop knife, pocket knife, 
and the putty knife (fig. 1-106). 

The shop knife can be used to cut cardboard, 
linoleum, and paper. It has an aluminum han- 
dle and is furnished with interchangeable blades 
stored in the 5-lnch handle. 

Pocket knives are used for light cutting, 
sharpening pencils, cutting strings, etc. They 
are unsuited for heavy work. Multi-purpose 
knives have an assortment of blades designed 
for forcing holes, driving screws and opening 
cans, as well as cutting. The blades are hinged 
and should be contained within the case when 
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not In use. They are spring loaded to keep them 
firmly in place when open or closed. 

A putty knife is used for applying putty to 
window sash when setting in panes of glass. 
The blade has a wide square point available in 
different lengths and widths. 

Safety with knives is essential. Do not use 
knives larger than can be safely handled. Use 
knives only for the purpose for which they were 
designed. Always cut away from your body. 
Do not carry open knives in your pocket or 
leave them where they may come into contact 
with or cause injury to others. Put knives away 
carefully after use to protect sharp cutting 
edges from contacting other hard objects. 



MECHANICAL FINGERS 

Small articles which have fallen into places 
where they cannot be reached by hand may be 
retrieved with the mechanical fingers. This 
tool is also used when starting nuts or bolts in 
difficult areas. The mechanical fingers, shown 
in figure 1-107 have a tube containing flat 
springs which extend from the end of the tube 
to form clawlike fingers, much like the screw 
holder. The springs are attached to a rod that 
extends from the outer end of the tube. A plate 
Is attached to the end of the tube, and a similar 
plate to be pressed by the thumb is attached to 
the end of the rod. A coil spring placed around 
the rod between the two plates holds them apart 
and retracts the fingers Into the tube. With the 
bottom plate grasped between the fingers and 
enough thumb pressure applied to the top plate 
to compress the spring, the tool fingers extend 
from the tube in a grasping position. When the 
thumb pressure Is released, the tool fingers 
retract into the tube as far as the object they 
hold will allow. Thus, enough pressure Is ap- 
plied on the object to hold it securely. Some 
mechanical fingers have a flexible end on the 
tube to permit their use in close quarters or 
around obstructions (fig. 1-107). 

NOTE: Mechanical fingers should not be 
used as a substitute for wrenches or pliers. 
The fingers are made of thin sheet metal or 
spring wire and can be easily damaged by 
overloading. 

Flashlight 

Each toolbox should have a standard Navy 
vaporproof two-cell flashlight. The flashlight 
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Figure 1-107.— Mechanical fingers. 



Is used constantly during all phases of main- 
tenance. Installed In both ends of the flashll^t 
are rubber seals which keep out all vapors. 
The flashlight should be Inspected periodically 
for the Installation of these seals, the spare 
bulb, and colored filters which are contained In 
the end cap. NOTE: Do not throw away the 
filters; they \^111 be necessary during nl^t 
operations. 
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Figure 1-108.— Adjustable inspection 
mirror. 



model inspection mirror features a built-in 
light to aid in viewin^^ those dark places where 
use of a flashlight is not convenient. 

PERSONAL SAFETY EQUIPMENT 

To protect you from danger, protective 
equipment such as safety shoes, goggles, hard 
hats and gloves are issued. The use of this 
equipment is mandatory on certain jobs. Their 
use is a MUST and there is no question about 
that. Be sure to USE THEM on any job WHERE 
they are REQUIRED. They can protect you 
from a lot of harm. 



INSPECTION MIRROR 



SAFETY SHOES 



There are several types of inspection mir- 
rors available for use in maintenance. The 
mirror is issued in a variety of sizes and may 
be round or rectangular. The mirror is con- 
nected to the end of a rod and may be fixed or 
adjustable (fig. 1-108). 

The Inspection mirror aids in making de- 
tailed inspection where the human eye cannot 
directly see the inspection area. By angling the 
mirror, and with the aid of a flashlight, it is 
possible to inspect most required areas. A late 



Some safety shoes are designed to limit 
damage to your toes from falling objects. A 
steel plate is placed in the toe area of such 
shoes so that your toes are not crushed if an 
object impacts there. 

Other safety shoes are designed for use 
where danger from sparking could cause an 
explosion. Such danger is minimized by elimi- 
nation of all metallic nails and eyelets and 
the use of soles which do not cause static 
electricity. 
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Figure 1-109.— Eye protection devices. 
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29.201 

Figure 1-110.— Gas and electric-arc 
welding gauntlet gloves. 




29.2J9.1 

Figure 1-111.— Safety equipment. 



GOGGLES 

Proper eye protection is the utmost im- 
portance for all personnel. Eye protection is 
necessary because of hazards posed by infrared 
and ultraviolet radiation, or by flying objects 
such as sparks, globules of molten metal, or 
chipped concrete and wood, etc. These hazards 
are everpresent during welding, cutting, solder- 
ing, chippin;^, grinding and a variety of other 
operations. It Is IMPERATIVE for you to use 
eye protection devices such as helmets, hand- 
shields and goggles (fl,;. 1-109) during eye- 
hazard operations. 

Appropriate use of goggles will limit eye 
hazards. Some goggles have plastic v/lndows 
Which resist shattering upon in*pact. Others 




26.203 

Figure 1-112. -Hard hat. 



are designed to limit harmful Infrared and ul- 
traviolet radiation from arcs or flames by ap- 
propriate filter lenses. 

Remember, eye damage can be excruciatingly 
painful. PROTECT YOTJR EYES. 

GLOVES 

Use g? nes whenever you are required to 
handle rough, scaly, or splintery objects. Spe- 
cial flameproof glcves are designed for gas and 
electric welding, to limit danger and damage 
from sparks and other hot flying objects (fig. 
1-110). Personnel in the electrical fields are 
usually required to wear Insulating rubber 
gloves. 

Be sure to follow all regulations prescribed 
for the use of gloves. Gloves must not be worn 
around rotating machinery unless sharp or 
rough material is being handled. If such Is the 
czsii, EXTREME CARE SHOULD BE EXER- 
CISED to prevent the gloves from bolng caught 
in the machinery. 

SAFETY BELTS AND STRAPS 

The "safety strap" and 't)ody b^'- shown in 
figure 1-111 are what might be c^leJ your ex- 
tra hands when you work aloft. The body belt. 
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strapped around your waist contains various 
pockets for small tools. The safefy strap is a 
leather or neoprene impregnated nylDn belt with 
a tongue-type buckle at each end. While you are 
climbing you will have the safety strap hanging 
by both ends from the left ring (called a **D" 
ring because of its shape) on the body belt. 
When you are at working position, you unsnap 
one end of the safety strap, pass it around the 
supporting structure so there is no danger of 
Its slipping (at least 18 inches from the top of 
the part on which it is fastened), and hook it to 
the right '*D** ring on the body belt. 

The safety strap must be placed around a 
part of the structure which is of sufficient 
strength to sustain a man's weight and his 
equipment, and must rest flat against the sur- 
face without twists or turns. It must not be 
placed around any part of a structure which is 
being removed. Men climbing poles at shore 
stations must be sure to place the straps be- 
neath arms and braces of the poles, wherever 
possible. 

Before placing your weight on the strap^ de- 
termine VISUALLY that the snap and "D*' ring 
are properly engaged. Do not rely on the 
"click" of the snap-tongue as an indication the 
fastening is secure, 

Tho boJdy belt and safety strap require in- 
spection before use* Look for loose or broken 
rivets, cracks, cuts, nicks, tears or wear In 
leather, broken or otherwise defective buckles, 
such as enlarged tongue-holes, defects in 
safety-belt snap hooks and body belt "D" rings. 
If you discover any of these or other defects, 
turn In your equipment and replace it. 

Perform maintenance periodically in ac- 
cordance with applicable procedures. Remem- 
ber that leather and nylon belts are treated In 
different manners, 

PROTECTIVE HELMETS 

Protective helmets (hard hats) come in a 
variety of shapes. They may be made of tou^ 



polyethylene or polycarbonate, one of the 
toughest hat materials yet developed. Many a 
man has had his life saved because he wore a 
protective hat (fig, 1-112), When a falling 
object struck the hat the shock-absorbing sus- 
pension capabilities mininiized damage to the 
man's head. 

Regular hard hats are required to have a 
degree of insulation resistance such that per- 
sonnel, other tl.an electrical, may be protected 
from accidental head contacts with electrical 
circuits ana equipment at comparatively lov/ 
voltages (less than 2200 volts). 

Electrical workers requiring head protec- 
tion incidental to their duties or to the working 
nvironment, particularly those engaged in 
transmission: or distribution line installation 
and repair must wear insulating safety helmets 
or all-purpose protective helmets which must 
be capable of withstanding 20,000 volt minimum 
proofrtests. 



BUILT-IN SAFETY 
EQUIPMENT 

In previous paragraphs we discussed a va- 
riety of safety equipment furnished by the 
Navy, Don't forget about your own built-in 
safety equipment, however • 

You have EYES to see danger, EARS to hear 
warnings, FEET to get away, BRAINS to know 
when danger is near, HANDS to help you re- 
move or correct unsafe conditions, and a VOICE 
to warn your shipmates of unsafe acts* Use 
this safety equipment advantageously to limit 
accidents. 

Above all, remember your ABC*s, 



ALWAYS 

BF 
CAREFUL 



68 

60 



CHAPTER 2 

COMMON POWER TOOLS 



Power tools are so commonplace In the Navy 
that men in all ratings use some power tools at 
one time or another. This chapter of the text 
will be devoted to the more common types of 
electric and air*-driven power tools and equip- 
ment. Upon completion, you should be able to 
identify them, discuss applicible safety meas- 
ureSy and describe the general operating prac- 
tices and care of these tools. 



SAFETY 

Safe practices in the use of power tools can- 
not be overemphasized. There are several 
general safety measures to observe in operat- 
ing or maintaining power equipment. ^ 

• First of all, never operate power equip- 
ment unless you are thoroughly familiar with 
its controls and operating procedures. When in 
doubt, consult the appropriate operating in- 
struction or ask someone who knows. 

• All portable tools should be inspected be- 
fore use to see that they are clean and in a 
proper state of repair. 

• Have ample illumination. If extension 
lights are required, ensure that a light guard is 
provided (fig. 2-1). 

• Before a power tool is connected to a 
source of power (electricity, air, etc), BE 
SURE that the switch on the tool is in the "OFF" 
position. 

• When operating a power too), give it your 
FULL and UNDIVmED ATTENTION. 

• Keep all safety guards in position and use 
safety shields cr goggles when necessary. 

• Fasten all loose sleeves and aprons. 

• DO NOT DISTRACT OR IN ANY WAY 
DISTURB another man while he is operating a 
power tool. 

• Never try to clear jammed machinery un- 
less you remove the source of power first. 

• After using a power tool, turn off the 
power, remove the power source, wait for all 
rotation of the tool to stop, and then c'oan the 
tool. Remove all waste and scraps from the 



work area and stow the tool in its assigned 
location. 

• Never plug the power cord of a portable 
electric tool into an electrical power source 
before ensuring that the source has tlie voltage 
and type of current (alternating or direct) called 
for en the nameplate of the tool. 

• If an extension cord is required, always 
connect the cord of a portable electric power 
tool into the extension cord before the exten- 
sion cord is inserted into a convenience outlet 
(fig. 2-2). Always unplug the extension cord 
from the receptacle before the cord of the port- 
able power tool is unplugged from the extension 
cord. (The extension cord and the power cord 
can each be no longer than 25 feet in length. 
Extra extension cords should be limited, wher- 
ever possible, to maintain allowable resistance 
to ground.) 



a 1 



NEVER USE 
WITHOUT A GUARD 



Figure 2-1.— Safety poster. 40.67(67B)A 
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USE THE CORRECT PLUG ! 



SAFETY 
GROUND 
PIN 




MAKE CERTAIN THAT THE TOOLS 
YOU USE HAVE A SAFETY PLUG 
AND CORD WITH INTEGRAL 
ORC NDING CONDUCTOR. 




Figure 2-2.— Groundlnf^ pluj^H aiiM 

convonlCMico outlet. 4O.r)7(67(:)A:0.i;i 

• Bo fluro to UHO a j^roundod plii^', and 3- 
conductor cord. Fl^^uro 2-2 Hhow« a perma- 
nently molded type of ^^roundedpluj^^and alHo om; 
used for replace me lU pur[X)Hcs. ^ 



The purpose of the properly grounded con- 
ductor in the 3-conductor cord is to minimize 
the possibility of electrical shock. The end of 
the grounding conductor within the tool or equip- 
ment is connected to the metal housing by the 
manufacturer, and the other end is connected 
to the grounding blade or pin of the grounded 
plug. In this manner, the grounding conductor 
simulates the mounting bolts of permanent 
equipment; namely, it joins the metal case of 
portable electric equipment to the metal of the 
ship' J hull. 

One exception to the use of 3-conductor 
grounded cord concerns plastic- cased tools 
(drills, Sanders, grinders, etc.) that have been 
developed to eliminate the risk of electric 
shock. In these tools the shafts and chucks are 
isolated electrically from the drive motors. DO 
NOT replace the two- conductor cable on plastic- 
cased tools with 3-conductor cable IF the 
plastic-cased tool has an Information plate on It 
stating that "grounding is not required*'! 

• Be sure that power cords do not come In 
contact with sharp objects. The cords should 
not be allowed to kink, nor should they be al- 
lowed to come In contact with oil, grease, hot 
surfaces, or chemicals. 

• When cords are damaged, they should be 
replaced. 

• Portable cables should be of sufficient 
lenfi^h that they will not be subjected to longi- 
tudinal stresses or need to be pulled taut to 
make connections. 

• Electrical ix)rtable cables should bo 
checked frequently while In service to detect 
unusual heating. Any cable which feels more 
than comfortably warm to the bare hand placed 
outside the Insulation should bo checked Im- 
mediately for overloading by competent electri- 
cal personnel. 

• See tliat all cabloH are positioned so that 
they win not constltiite tripping hazards. 

• Electricity must bo treated with respect 
and handled properly (fig. 2-3). If water ex- 
iHts anywhere In the vicinity of energized 
equipment— be especially cautious, and wher- 
ever possible, deenergl/o tho equipment. 

• Always rcimeniber: 

1. ELECTRICITY striken without warning. 

2. Every el'^rtrlcal circuit Is a PfTTEN- 
TIAL SOURCE OF r3ANGER and MUST 
HE TREATED AS SUCH. 

3 Make no electrical repalrn yourriolf 
/ i) tnloMH you are qualified to do ho. 
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40.67.3(1UA) 

Figure 2-3.— KiKJW wliiit you arc doing. 

4. Sparking electric tools should never be 
used in places where flaniniable gaees 
or liquids or exposed explosives are 
present. Pneumatic tcjols are used In 
these areas. 

5. The p<jwor should always l)e discon- 
nected bolore accessories on to(jls are 
changed. 

• Shipboard condlticjns are particularly cim- 
duclvo to electric shock |K)Ssil)ilitles l)ecause 
the body may ctjntact the ship's metal struc- 
ture. Extra care Is th(M*of(jre needed, espe- 
cially when l)ody resistance may he low l)ecause 
of perspiration or damj) cltjthing. Insulate your- 
Holf from ground by mc»ans of Insulating ma- 
terial roverlni^ any adjacent i',r(iund(Kl metal 
with which you migjit c(Mne Into contact. Suit- 
able materials Include firy wood, dry canvas 
dry phenolic material, several thh^knesses (il 
dry paper, or rubber nuits. ALWAYS REPORT 
ANY SIKX:K received fr(jm (jhjctrlcal equip- 
ment. Minor siKickfi often lead in fatal shocks 
later on. 

PORTAHEE I;EI;C'I'RI(: P()WER I'OOES 

Portable ixjwer imAti ar(f loohi (liai can br 
moved froni place? to place*. Some of lh(» moHf 
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Figure 2-4. — l/4-lhch portable electric drill. 

common portable power tools that you will use 
in the Navy are electrically powered and Include 
drills, Sanders, grinders and saws. 

DRILLS 

The portable electric drill (fig. 2-4) Is prob- 
ably the most frequently used power tool In the 
Navy. Although It Is especially designed for 
drilling holes, by adding various accessories 
you can adapt It for different jobs. Sanding, 
sawing, buffing, pollohlng, screw-driving, wire 
brushing, and paint mixing are examples of pos- 
sible uses. 

Portable electric drills commonly used In 
the Navy have capacities for drilling holes in 
stool from 1/16 Inch up to 1 Inch In diameter. 
The sizes of portable electric drills are classi- 
fied by the maximum slzo straight shank drill 
It will hold. That Is, a '4 Inch electric drill 
will hold a straight stiank drill up to and In- 
cluding 1/4 Inch. 

The revolutions per minute (rpm) and power 
the drill will deliver are moat important when 
choosing a drill for a job. You will find that the 
sp(30d of the drill motor decreases with an in- 
croase In slzo, primarily bocauBO the larger 
units are doslgned to turn larger cutting tools 
or to drill In heavy materials, and t)oth these 
factors require slower speed. 

If you are going to do heavy work, such as 
drilling In masonry or stool, then you would 
probably need to use a drill with a 3/8 or 1/2 
Inch ca|)acUy. If most of your drilling will bo 
fcjrmlng liolos In W(jod or small holes In sheet 
inotal, thon a l/4-lnch drill will probably bo 
adoqiiiito. 

Thn chuck Is tjuj clamping device Into which 
fho drill Is Insnrtod. Nearly all oloctrlc drills 
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SPINDLE 
or DRILL 



JAWS 




REMOVABLE 
CHUCK KEY 



Figure 2-5.— Three jaw chuck 
and chuck key. 



44.46 



DATA PLATL 
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FlKuro 2-0.-~P(>rtiil)l(j olortrlc HJiiulor. 



aro equipped with a tlir(M;-jaw churk. Soino of 
tho drill maUiVH hav^; a liand-tyiKt chuck thai 
you iif^hton or Ioohoii by hand l)ut iiiohI of tho 
drills UHod In tho Navy have ^^oa^-type^ three 
Jaw chuckH which are tl^hlen(;d and looHened hy 
moanfl of a chuck key, Hiiown In flK^re 2-r). Do 
not apply further proHMure with plIerH or 
wronchoH after you hand llKlHen tlie chuck with 
the chuck key. 

Alway/i remove the key IMMKDIATIsLV after 
you UHe It. OtherwlHe tlie key will fly looHo 
when the drill nu>tor \h Mlarled and tiuiy cauHO 
fiorlouH Injury to you or one of your Hhlpnuiten. 
The chuck key \h ^^enerally taped on the cord of 
tho drill; but If it 1m mi, niiike euro you put It 
In a Hafe place where It will not ^et jont. 

All |K)rtahle electric drllln ufted In the Navy 
huve coJilrolH fihnihir to tite oneM nitown on Ihe 




29.139X 

Fi^re 2-7.— Portable belt sander. 

1/4-lnch drill In ^l^;urG 2-4. This drill has a 
momentary contact trigger Bwltch located in the 
handle. Tho switch Is squeezed to start the 
electric drill and released to stop It. 

The trigger latch Is a button In tlie bottom of 
the drill handle. It Is pushed In, while the 
switch trigger Is hold down, to lock tho trigger 
HWltch In tho *'ON** |><)Sltlon. Tho trigger latch 
In released by squce/lng and then releasing the 
switch trigger. 

SANDEHhl 

Portable Hiinders are tools designed to hold 
and operate abrasives for sanding wood, plas- 
tics and nietals. Tho most common types found 
In tho Navy are Ihe DISK, BELT, and UECIP- 
U(X:ATIN(; OltniTAL sanders. 

Dit k Sander 

I'./ectrlc disk siinders (fig. 2-0) aro ospo- 
clally useful on work where a large amount of 
nuiterlal Is to be removed, quickly such as scal- 
ing surfaces in preparation for |)iilnting. This 
machine, however, must n )t be used whore a 
Mtlrror smooth flnljili Is reoulred. 

1'he disk should be nK)ved smoothly and 
lightly over the surfac/n Never allow tho disk 
in nl 'y In orte place too long because It will cut 
Into metal and leave a large depression. 
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Fi(^ro 2-8,— Orbitiil sunder. 



Bolt Sander 

The belt sandor (fl^c. 2-7) is commonly used 
for surfacing lumber used for interior trim, 
furniture, or cabinets. Wood fh>orB arc almost 
always niado ready for final flnlshlni^ by usini^ 
a belt Bander, Whoreaa these types of sanding', 
operations were once laborious and tlmo- 
consumlnf?, It Is now possible to perform the 
oporatlons quickly and accurately with loss 
effort. 

The portable belt sandors use endless siind- 
Ing belts tliat can be obtained In m;iny different 
grades (grits). The belts are usimlly 2, 3, or 4 
Inches wide and can be easily chan^'.od when they 
become worn or when you want to use a dlff(ir- 
ont grade of sanding piiper. 

The first thing to dt) when pruiJiiriiu^ to use 
the Bander is to be sure that tiie ol)ject to 
sanded is firmly secured. Then, after llio 
motor has lK)en started verify tiiat the belt is 
tracking on center. Any adjustment to make it 
track centrally is usually mad(» by ali^^nUH^ 
flcrowB. 

The moving bell Is then plac^.d on Iho sur- 
face of the object to 1)0 fuuided with the r(>'ar 
part of the bell touching firsl. The m;i<:lUne is 
then leveled as It Is moved forward. W'jen you 
use the sunder, don't press down or "ride" It, 
b«5causethe welglit of the inarldiuMfxerts (ii\ini\.\\\ 
pressure for prr)per <!unin^% (Kxcrs/ilve 



proHBure also causes the abrasive belt to clog 
and the motor to overheat). Adjust the machine 
over the surface with overlapping strokes, al- 
ways in a direction parallel to the grain. 

i3y working over a fairly wide area, and 
avoiding any machine tilting or pausing In any 
one spot, an even surface will result. Upon 
completion of the sanding process, lift the ma- 
cliine off tiie work and then stop the motor. 

Some types of sanders are provided with a 
bag that takes up the dust that Is produced. Use 
It if available, 

()rl)ital Sander 

The orbital sander (fig, 2-8) Is bo named be- 
cause of the action of the sanding pad. The pad 
moves In a tiny orbit, with a motion that Is 
hardly discernible, so that It actuiUy sands In 
all directions. This motion Is so small and so 
fast that, with fine |);iper mounted on the pad. It 
Is nearly lm[>osslble to see any scratches on 
Mie finished surface. 

The pad, around which the abrasive sheet Is 
wrapped, usually extends beyond the frame of 
llio machine so It Is iK)Sslble to work In tight 
corners and against vertical surfaces. 

Some models of the f)rl)llal sanders have a 
l):ig attaclKjd to catch all dust that Is ^ .ade from 
the winding operation. Orbital sanders (pJid 
san<h;rs) do not remove as much material as 
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ABRASIVE WHEEL 




HEX NUT AND 
FLANGE 
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Figure 2-9. — Portable grinder. 



fast as the belt s^inder or disk sunder but do a 
better job on smoothing a surface for finishing. 
If both a belt or disk sander and an orbital 
Sander are available you should use the belt or 
disk Sander for rough, preliminary work and the 
orbital sander for finishing. The sandpaper 
used on the sander may be cut to sl/e from a 
bulk sheet of paper or may be available in the 
correct size for the sander you have. The paper 
Is wrapped around a pad on the sander and is 
fastened to the pad by means of levers on the 
front and rear of the sander. The lever action 
fasteners make changing the paper easy and 
quick. 

PORTABLE GRINDERS 

Portable grinders are power tools that are 
used for roughi grinding and finishing of metal- 
lic surfaces. They are made In several sl/oa; 
however, the one used most in the Navy usefi a 
Ij^rlndlng wheel with a maximum diameter of 6 
Inches, (See fig. 2-9.) 

Tlie abrasive wlioels are easily replaceable 
80 tiuit different grain si/o and grades of 
abrasives can be used f(jr the varying types of 
surfaces to bo ground and Uio different degrees 
of finish desired 

A flexible sliaft uttaciunent \n available for 
most UK) r table grinders. Tills shaft alUichcd 
by removing Iho grinding wheel li;* n attaching 
the si»aft to tiie grinding wheel drive spindle. 
The grlP'' i, wheel ran then bo utta(*hed to the 
end of tl flexible shaft. This attjicliment Is in- 
valiiablo for {grinding .surfaces in liard lo ViKich 
places. 




BLADE ^ 



RIP GUIDE 



SLOT 
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Figure 2- 10,— Portable electric 
circular saw. 

The wheel guard on the grinder should be 
lx)sitioned so that abrasive dust md metal 
ixirticle;:* will be deflected away from jour f'^ce. 

Before you turn the I'.rinder on, Liake sure 
the abrasive grinding wl 1' nroperly secured 
to the grinder spindl- ,.i crac) '*d or 

damaged. 



PORTABLE CmCVr. U .J. V/ 

The portable rir( i/ s,i ^ 
and more popular as ^ ^' » i 
'•ause of the time a» ! \:v\y)r I 
'.ision with which it "rK.'. \/ . 
dling and maneuveraj "»t 

Because of the m 
cular saws In the Nit 



jecoming more 
u'king tool I e- 
wes, the pro- 
s ease of han- 



^/ s of portable clr- 
pply system, and the 
changefi being made liu e desi|',M of tliece saw<j, 
only geni ral inforniatii/r v^iU hr given In this 
section. iMformatlon (!r>i..;erning a particular 
saw can l)e iiid byclicc'.ing the manufacturer's 
nuinual. 

T\w si/cs of |x;rtable electric saws r.?.?.ge 
[rotu one-sixth l*orHe|)Ower with a 4-lnch ' ,v'o 
to one-aii'u-one half horsepc^wer with a l ;'"-;:U;r. 
blade. They are so constructed that they w.y 
00 used as a carpentcjr^s liandsaw, botli at the 
Job n\i() or an a bench in the woodworking sho;). 
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The portable electric saw (fig. 2-10) is 
started by pressing a trigger inserted in the 
handle and stopped by releasing it. The saw 
will r»in only when the trigger is held. 

Most saws may be a^ljusted for cross- 
cutting or for ripping. The ripsaw guide shown 
in figure 2-10 is adjusted by the two small 
knurled nuts at the base of the saw. When the 
guide Is Inserted in the rip guide slot to the de- 
sired dimensions, the nuts are then tl^tened to 
hold It firmly in place. 

In crosscuttlng, a guideline is generally 
marked across the board to be cut. Place the 
front of the saw base on the work so that the 
guide mark on the front plate and the guide line 
on the work are aligned. Be sure the blade Is 
clear of the work. Start the saw and allow the 
cutting blade to attain full speed. Then advance 
the saw, keeping the guide mark and guide line 
aligned. If the saw stalls, back the saw out. 
DO NOT RELEASE the starting trigger. When 
the saw resumes cutting speed, start cutting 
again. 

Additional adjustments include a depth knob 
and a bevel thumbscrew. The depth of the cut 
Is regulated by adjusting the depth knob. The 
bevel adjusting thumbscrow is used for adjust- 
ing the angle of the cu^ This permits the base 
to be tilted In relation to the saw. The gradu- 
ated scale aiarked in degrees on the quadrant 
(f<g. 2-10) enables the operator lo measure his 
adjustments md angles of -"ut. 

The ,.)ttom plate of the saw Is wide enough 
to provide the saw with a fin a support on tlie 
lumbor being rut. The blade ol the saw Is pro- 
tected by a spring guard which opens when 
lumber la bel,ig cut but snaps back Into place 
when tiie cut Is finished. Many different saw 
blades inaybe placed on the machine for special 
kinds of sawing. By changing blades i Mnost any 
building naterlal from slate and corrugated 
motai sheets to fiberglass can be cut. 

To change saw blac^eo, first dls' onnect th^* 
power. Remove the blude by taking off the sav/ 
clamp scrnw and flange, usiji[^ the wrench pro- 
vided for this purpose. Attach the new saw 
blade making certain tlie terjth are In the proper 
cutting dlrp(;tion (pointing upward toward the 
front of the wiw) and tl/^t n the flange aiiJ 
clamp screv; w Ih the wronci, . 

CAUTION: Do hot put the iaw blade on bat k- 
wards; most bladec have In structions otampod 
on them with the words *Thl i Side Out,'* 

THE PORTABLE RLEC'/llIC SAW IS ONE 
OF TITK MOST DAHG'.ROUS POWER TOOLS 
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ic lgure 2-11,— S.'^^/^'' c\ bayonet 
saw Lpevr.;,Cy^' , 



IN EXISTENCE WilKO T IS NOT PROPERLY 
USED. Mak^ aurr ue l;o<^rd you are sawing Is 
properly p*,*:i rrM so It will not slip or turn. 
After mr ^'nt'^ ^ jut be sure the saw blade has 
come to a f.:. ^Jstlll before laying the saw down. 

Wlien u rig an electric saw remember that 
all the b\t).0'' you can normally see is covered; 
the portion of the blade that projects under the 
board being cut Is not covered. The exposed 
teeth under the work are dangerous and can 
caup - u^rlous Injury If any part of your body 
shoul i co-ne into contact with them. 

M**,; »^ tiuro the blade of a portable circular 
saw Is kept sharp at ail times. The saw blade 
will functloj^ most efficiently when the rate of 
feed match ' the blade's capacity to cut. You 
will not hav to figure this out— you will be able 
to feel it. V/lth a little practice you will know 
when the cut Is smooth and you will know when 
yoj '^ro forcing It. Lot the blade do Its own 
cuttijig. The tool will last longer and you will 
work easier because It is loss fatiguing. 
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BRUSH HOLDER COVER 



MOTOR HOUSING 
GEAR HOUSING 




Figure 2- 12,— Reversible electric impact wrench. 
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SABER SAW 

The saber saw (fl{^. 2-11) is a power driven 
Jigsaw that will let you cut smooth and decora- 
tive curves In wood and light metal. Mu . 
saber saws are light duty machines and are not 
designed for extremely fast cutting. 

There are several different blades designed 
to operate in the saber saw and they are easily 
Jnterchangeable. For fast cutting of wood, a 
i'>i.*de with coarse teeth may be used. A blade 
with fine teeth Is designed for cutting metal. 

The best way to learn how to handle this type 
of tool is to use It. Before trying to do a fin- 
ished job with the saber saw, clamp down a 
piece of scrap plywood and draw some curved 
as well as straight lines to follow. You will de- 
velop your own way of gripping the tool, and 
this will be affected somewhat by the particular 
tool you are using. On some tools, for exam- 
ple, you win find guiding easier If you apply 
some downward pressure on the tool as you 
move It forward. If you are not firm with your 
grip, the tool will tond to vibrate excessively 
and this will roughen the cut. Do not force the 



cutting faster than the design of the blade al- 
lows or you win break the blade. 

ELECTRIC IMPACT WRENCH 

The electric Impact wrench (fig. 2-12) Is a 
portable hand-type reversible wrench. The one 
shown has a l/2-lnch square Impact driving 
anvil over which l/2-lnch square drive sockets 
can be fitted. Wrenches also can be obtained 
that have impact driving anvils ranging from 
3/8 Inch to 1 Inch. The driving anvils are not 
Interchangeable, however, from one wrench to 
another. 

The electric wrench with its accompanying 
equipment is primarily Intended for applying 
and removing nuts, bolts, and screws. It may 
also be used to drill and tap metal, wood, plas- 
tics, etc., and drive and remove socket-head, 
PhlUlps-head, or slotted-head wood, machine, 
or self-tapping screws. 

Before you use an electric impact wrench 
depress the on-and-off trigger switch and allow 
the electric wrench to operate a few seconds, 
noting carefully the direction of rotation. 
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Figure 2- 13. -Pneumatic chipping liammer. 



Release the trigger switch to stop the wrench. 
Turn the reversing ring located at the rear of 
the tool; It should move easily In one direction 
(which Is determined by the current direction of 
rotation). Depress the on-and-off trigger again 
to start the electric wrench. The direction of 
rotation should now be reversed. Continue to 
operate for a few seconds In each direction to 
be sure that the wrench and Its reversible fea- 
tures are functioning correctly. When you are 
sure the wrench operates properly, place the 
suitable equipment on the Impact driving anvil 
and go ahead with the job at hand. 

PORTABLE PNEUMATIC 
POWER TOOLS 

Portable pneumatic power tools are tools 
that look much the same as electric power tools 
but use the energy of compressed air Instead of 
electricity. Because of the limited outlets for 
compressed air aboard ship and shore stations, 
the use o£ pneumatic power tools Is not as wide- 
spread as electric tools. Portable pneumatic 
tools are used most around a shop where com- 
pressed air outlets are readily accessible. 



SAFETY 

In operating or maintaining air-driven tools, 
take the following precautionary measures to 
protect yourself and others from the damaging 
effects of compressed air. 

• Inspect the air hose for cracks or other 
defects; replace the hose If found defective. 

• Before connecting an air hose to the com- 
pressed air outlet, open the control valve mo- 
mentarily. Then, make sure the hose Is clear 
of water and other foreign material by connect- 
ing It to the outlet and again opening the valve 
momentarily. 

CAUTION: Before opening the control valve, 
see that nearby personnel are not In the path of 
the air flow. Never [x)lnt the hose at another 
person. 

• Stop the flow of air to a pneumatic tool by 
closing the control valve at the compressed air 
outlet before connecting, disconnecting, adjust- 
ing, or repairing a pneumatic tool. 
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Figure 2-14.- 
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Figure 2-15,— Rotary impact scaler. 



PNEUMATIC CHIPPING HAMMER 

The pneumatic chipping hammer (fig, 2-13) 
consists basically of a steel piston v/hich is 
reciprocated (moved backward and forward al- 
ternately) In a steel barrel by compressed air. 
On Its forward stroke the piston strikes the end 
of the chisel, which Is a sliding fit In a nozzle 
pressed into the barrel. The rearward stroke 
is cushioned by compressed air to prevent any 
metal- to- metal contact. Reciprocation of the 
piston Is automatically controlled by a valve lo- 
cated on the rear end of the barrel. Located on 
the rear end of the barrel Is a grip handle, con- 
taining a throttle valve. 

The throttle valve Is actuated by a throttle 
lever which protrudes from the upper rear of 
the grip handle for thumb operation. Projecting 
from the butt of the handle Is an air Inlet. The 
handle Is threaeJwl onto the barrel and Is pre- 
vented from unscrewing by a locking ring. Sur- 
rounding and retaining the Locking ring is an 
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e impact scaler, 

exhaust deflector. This deflector may be lo- 
cated in any of four positions around the barrel 
in order to throw the stream of exhauc^' air in 
the desired direction. 

The pneumatic hammer may be used for 
beveling, calking or beading operations, and for 
drilling in brick, concrete, and other masonry, 

Chipning hammers should not be operated 
without Surety goggles and all other persons in 
the immediate vicinity of the work should wear 
goggles. 

While working never point the chipping ham- 
mer in such a direction that other personnel 
might be struck by an accidentally ejected tool. 
When chipping alloy steel or doing other heavy 
work, it is helpful to dip the tool in engine lu- 
bricating oil about every 6 inches of the cut and 
make sure the cutting edge of the tool is sharp 
and clean. This will allow faster and easier 
cutting and will reduca the possibility of the 
tool breaking, 

Whf=)n nearing the end of a cut, ease off on 
the throttle lever to reduce the intensity of the 
blows. This will avoid any possibility of the 
chip or tool flying. 

If for any reason you have to lay the chipping 
hammer down, always remove the attachment 
tool from the noKzle. Should the chipping ham- 
mer be accidentally started when the tool is 
free, the blow of the piston will drive the tool 
out of the nozzle with great force and may dam- 
age equipment or injure personnel. 

NEEDLE AND ROTARY 
IMPACT SCALERS 

Needle and rotary scalers (figs. 2-14 and 
2-15) are used to remove rust, scale, and old 
paint from metallic and miisonry surfaces. You 
must be especially careful when using these 
tools since they will "chew" up anything In their 
path. Avoid getting the power line or any part 
of yotir body in their way. 
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Figure 2-16.— Needle 

Needle scalers accomplish their task with an 
assembly ot Individual needles Impacting on a 
surface hundreds of times a minute. The ad- 
vantage of using Individual needles Is that Ir- 
regular surfaces can be cleaned readily. See 
the operations and how the needle scaler self- 
adjusts to the contour of various surfaces in 
figure 2-16. 

The rotary scaling and chipping tool, some- 
tlraes called a ^'jitterbug," has a bundle of cut- 
ters or chlppers for scaling or chipping (fig. 
2-15). In use, the tool Is pushed along the sur- 
face to be scaled and the rotating chlppers do 
the work. Replacement bundles of cutters are 
available when the old ones are worn. 

BE SURE YOU ARE NOT DAYDREAMING 
When you use the rotary scaler. 

PORTABLE PNEUMATIC 
IMPACT WREriCH 

The portable pneumatic Impact wrench (ff/j. 
2-17) Is designed for Installing or removing 
nut 0 and bolts. The wrench co.aes Indifferent 
Blajes and Is classified by the sl5.,e of the square 
anvil on the drive end. The an.i) Is equipped 
vlth a socket lock which ■ rev ides positive 
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scaler operations. 

locking of the socket wrenches or attachments. 
The wrench has a bullt-ln oil reservoir and an 
adjustable air valve regulator which adjusts the 
tor e output of the wrench. The torque regula- 
tor reduces the possibility of shearing or dam- 
aging threads when Installing nuts and bolts to 
their required tension. 

Nearly all pneumatic wrenches operate most 
efficiently on an air preosure range of 80 to 90 
psl. A variation In excusfl of plus or minus 5 
pounds Is serious. Lower pressure causes a 
decrease In the driving speeds while higher 
pressure causes the wrench to overjpeed with 
subsequent abnormal wear of the motor Impact 
mechanisms. 

The throttle lever located at the rear of the 
pneumatic wrench provides the meansfor start- 
ing and stopping the wrench. Depressing the 
throttle lever starts the wrench In operation. 
Upon release, the lever raises to Its original 
position stopping the wrench. 

The valve ttom Is seated beneath the pivot 
end of the throttle lever. Most wrenches have 
a window cvt In the throttle lever oo that the 
markings on the upper surface of the valve 
stem win be visible. Two lett.^rs, and 
"R/* have been engraved on the head of the 
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THROniE LEVtR 




Figure 2- 17, -Portable pneumatic Impact wrench. 
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valve stem to indicate the forward (clockwise) 
and reverse (counterclockwise) rotation of the 
anvil. To change from forward to reverse ro- 
fiitlon, or vice versa, turn the valve stem 180° 
until the desired marking Is visible through the 
window In the throttle lever. When the valve 
stem Is In proper position, the valve stem pin 
engages a recess on the under side of the valve 
stem, preventing accidental turning of the stem. 

The air valve regulator Is located at the bot- 
tom and towards the roar of the wrench. Using 
a screwdriver and altering the setting of the air 
regulator up to 90°, either to the right or left, 
reduces the torque from full power to zero 
power. 

Before operating the pneumatic Impact 
wrench nnake sure the socket or other attach- 
ment you are using Is properly secured to the 
anvil. It Is always a good Idea to operate the 
wrench free of load In both forward aiid re- 
verse directions to see that It operates prop- 
erly. Check tJie Installation of the air hose to 



make sure It Is In accordance with the manu- 
facturer's recommendation, 

COMMON POWER MACHINE TOOLS 

Small power machine tools are, generally 
speaking, not portable. All work that Is to b« 
done must be brought to the ehop where the 
machine Is set up. Only the most common types 
of power machine tools will be discussed In this 
chapter. The drill press and the bench grinder 
may be found In several shops abo&3!d ship or 
on shore stations. They are toois tiriXt are not 
confined to operation by men of any one par- 
ticular rating but nvxy be used by men of sev- 
eral ratings. 

DRIU. PRESS 

The drill press (fig. 2-18) Is an electrlciilly 
operated power machine that was originally de- 
signed as a metal- working to^M. Avallabi j 
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Figure 2-18.-Drai presG. 4.29 



accessories, plus jigs and special techr.iqiv.s, 
now make It a versatile wood-working u ol as 
well. 

There are two basic types of drill presses 
used In the Navy; the bench-type and the 
upright-type. These are basically the sane, 
the difference being In the mounting. As the 
names suggest, the bench-type drill presB Is 
mounted on a work bench and the upright-type 
drill press Is mounted on a pedestal on the 
floor. 

Drill presses are manufactured In a number 
of sizes. Only the small size drill press will 
be discussed In this text. The drUl presses 
most commonly found In shops In. the Navy l ive 
a capacity to drill 1-oles In metal up to 1 Inch in 



dlamater. The driving moljrs range In size 
from 1/3 hp to 3 hp. 

The motor Is mounted to a bracket at the 
vc:ar of the head assembly and designed to 
permit V-belt changing for desired spindle 
speed without removing the motor from its 
mounting bracket. Four spindle speeds are 
obtained by locating the V-belt on any one of 
the four steps of the splndle-drlven and motor- 
driven pulleys. 

The controls of drill presses are all similar. 
The terms "right*' and *left" are relative to the 
operator's position standing In front of and 
facing the drill press. Forward applies to 
movement toward the operator. Reajrward ap- 
plies to movement away from the operator. 

The power switch (fig. 2-19) is located on 
the right side of the head assembly. The power 
cord Is placed l:i the power receptacle and the 
motor started by placing the switch In the "ON" 
position. 

The spindle anc quill feed handle (fig. 2- 19) 
Is located on the lower right-front side of the 
head assembly. Pulling forward and down on 
any one of the three spindle and quill feed 
handles, which point upward at the time, moves 
the spindle and quill assembly downward. Re- 
lease the feed handle and the spindle aud quill 
assembly will return to the retracted or upper 
position by spring action. 

The quill lock handle (fig. 2-20) enables the 
drill press to be used as a milling tool and Is 
located at the lower left-front side of the head 
assembly. Turn the quill lock handle clock- 
wise to lock the quill at a desired operating 
position. Release the quill by turning the qulU 
lock handle counterclockwise. However, In 
most cases, the quill lock handle will be in the 
released position. 

The head lock handle (fig. 2-20) Is located at 
the left-rear side of the head assembly. Turn 
the head lock handle clockwise to lock the head 
assembly at a desired vertical height on the 
bench column. Turn the headlock handle coun- 
terclockwise to release the head assembly. 
When operating the drill press, the head lock 
handle must be tight at all times. 

The head collar support lock Ikandle (fig. 
2-19) is located at the right side of the head 
collar support and below the head assembly. 
Th. handle locks the head collar support, which 
secures the head vertically on thr bench col- 
umn, and prevents the head from dropping when 
the head lock handle Is released. Turn the hea* 
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collar support lock handle clockwise to lock 
the support to the bench column and counter- 
clockwise to release the support. When op- 
erating the drill press, the head collar support 
lock handle must be tight at all times. 

The tilting table lock handle (fig. 2-19) is 
located at the left-rear side of the tilting table 
bracket, Tux*n the tilting table lock handle 
counterclockwise to release the tilting table 
bracket so It ran be moved up and cov/n or 
around the bench column. Lock the tilting table 
assembly at desired height by turning the lock 
handle cloclcwlse. When operating the drill 
press, the tilting table lock handle must be 
tight at all times. 

The tilting table lockpln (S, fig. 2-21) is lo- 
cated below the tilting table assembly (T, fig. 
2-21), The lockpin secuies the table at a hori- 
zontal or 45** left or right from the horizontal 
position. To tut the table left or rl^t from Its 
horizontal position, remove the lockpin and turn 
the table to align the lockpin holes. In sert the 
'v^kpin through the table and bracket holes 
iU>er desired position Is obtained. 



The depth gage rod adjusting and locknuts 
(BB and CC, fig. 2-21) are located on the depth 
gage rod (Z, fig. 2-21). The purpose of the 
adjusting and locknuts is to regulate depth drill- 
ing. Turn the adjusting and locknut clockwise 
to decrease the downward travel of the spindle. 
The locknut must be secured against the adjust- 
ing nut when operating the drill press. 

When operating a drill press make sure the 
drill Is properly secured In the chuck and that 
the work you are drilling properly secured in 
position. Do not remove the work from the 
tilting table or mounting device until the drill 
press has stopped. 

Operate the spindle and quill and feed han- 
dles with a slow, steady pressure. If too much 
pressure Is applied, the V-belt may slip in the 
pulleys, the tv/lst drill may break, or the start- 
ing awltch In the motor may open and stop the 
drill pfuMs. If ihe motor should stop because of 
overheating, the contacts of the starting sw'+ch 
will remain opan long enough for the motor to 
cool, then automatically close to resune normal 
operation. Always turn the toggle switch to 
''OFF** position while the nrwtor Is cooling. 



Chapter 2-rOMI IO.N POWER TOOLS 




44.60 

Figure 2-20.— Drill press controls— left side view. 



Check occasionally to make sure all locking 
handles are tight, and that the V-belt is not 
slipping and adjust as necessary in accordance 
with the manufacturer's manual. 

Before operating any drill press, visually 
Inspect the drill press to determine if all parts 
are in the proper place, secure, and in good 
operating condition. Check all assemblies, 
such as the motor, head, pulleys, and bench for 
loose mountings. 

While the drill press is operating, be alert 
for any sounds that may be signs of trouble, 
such as squeaks or unusvial noise. Report any 
imusual or unsatisfactory performance to the 
petty officer in charge of the shop. 

After operating a drill press, wipe off all 
dirt, oil, and metal particles. Inspect the V- 
belt to make sure no metal chips are imbedded 
In the driving surfaces. 

BENCH GRINDER 

The electric bench grinder (fig. 2-22) is 
designed for hand grinding operations, such as 



sharpening chisels or screw drivers, grinding 
drills, removing excess metal from work, and 
smoothing metal surfaces. It is usually fitted 
with both a medium grain and fine grain abra- 
sive wheel; the medium wheel is satiafactory 
for rou^ grinding where a considerable quan- 
tity of metal has to be removed, or where a 
smooth finish is not important. For sharpen- 
ing tools or grinding to close limits of size, the 
fine wheel should be used as it removes metal 
slower, gives the work a smooth finish and 
does not generate enough heat to anneal the cut- 
ting edges. 

When a deep cut is to be taken on work or a 
considerable quantity of metal removed, it is 
often practical to grind with the medium ^eel 
first and finish up with the fine wheel. Most 
bench grinders are so made that wire brudies, 
polishing wheels, or buffing wheels can be sub- 
stituted for the removable grinding wheels. 

To protect the operator during the grinding 
operation, an eye sh/.eld and wheel guard are 
provided for each grinding wheel. A tool rest 
is provided in front of each wheel to rest and 
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Figure 2-21.-Dri 



A SPINDLK DKIVKN Pri.LKY 

H V-BKLT 

C MOTOH DKIVK PILI.I-Y 

D 1/8 SQ X 1 SCJ-KNU KEY 

E NO 10-24 X 5/8 IIDL^ SET SCREW 

F MOTOR BRACK HT STUD THUMBSCREW 

G MOTOR 

H MOTOR BASE AND BRACKET ASSEMBLY 

J 1/4-20NC 2 X 1 SQ-NECK RD-HD CAR- 
RLAGE BOLT AND 1/4-20NC-2 SQ NUT 

K DRILL CHUCK KEY 

L DRILL CHUCK KEY BRACKET 

M TOGGLE SWITCH PLATE 

N HEAD COLLAR SUPPORT 

P BENCH COLUMN 

Q CORD 

R BENCH BASE 

S TILTING TABLE LOCKPIN 

T TILTING TABLE ASSEMBLY 

U DEPTH GAGF ROD BRACKET 

V HEX NUT 

W DRILL CHUCK 

X CHUCK KNOCKOUT COLLAR 

Y SPINDLE AND QUIIJ ASSEMBLY 
Z DEPIH GAGE ROD 

AA HEAD ASSEMBLY 

BB DEPTH GAGE ROD ADJUSTING NUT 

CC DEPTH GAGE ROD LOCKNUT 

DD SPINDLE DRIVEN PULLEY GUARD 

4.29 

press nomenclature. 



guide the work during the grinding procedure. 
The rests are removable, if necessary, for 
grinding odd- shaped or large work. 

When starting a grinder, turn it on and 
stand to one side until the machine comes up 
to lull speed. There is always a possibility 
that a wheel may fly to nieces when comi: g up 
to Ml speed. Never force work against a cold 
wheel; apply work gradually to give the wheel 
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an opportunity to warm. You thereby minimize 
the possibility of breakage. 

Handle grinding wheels carefully. Before 
replacing a wheel always check it for cracks. 
Make sure that a fiber or rubber gasket Is in 
place between each side of the wheel and its re- 
taining washer. Tighten the spindle nut Just 
enough to hold the wheel firmly; if the nut Is 
tightened too much the clamping strain may 



84 



Chapter 2-COMMON POWER TOOLS 




SAFE! t -TYPE BENCH GRiNOCR ^^MIV 

4,31 

Figure 2-22.— Bench prlnder and wheel- 

damage the wheel. V/h*fn selecting a replace- 
ment wheel, ascerta;-> that the grinder will not 



exi'ood the nuumfacturor's recommended speed 
for the wheel. 

When grinding, always keep the work moving 
across the face of the wheel; grinding against 
the same six)t on the wheel will cause grooves 
to be worn into the face of the wheel. Keep 
all wheel guards tight and In place. Always 
keep the tool rest adjusted so that It just clears 
the wheel and is at or just below the center line 
of the wheel, to prever' accidental jaunnlngof 
work between tool rest aivd w^ iel. 

Wear goggles, even if eye shields are at- 
tached to the grinder. Keep your thumbs and 
fingers out of the wheel. 
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CHAPTER 3 

MEASURING TOOLS AND TECHNIQUES 



In perforinin^ many j^bs during your Navy 
career, you will be required to take accurate 
measurements of materials and objects. It is 
common practice in the Navy to fabricate ma- 
terial for installation on a ship or In the field. 
For example, suppose you need a box of certain 
size to fit a space in a compartment. You would 
have to take measurements of the space and 
send them to a shop where the box would be 
bu ll. This example suggests that the measure- 
ments you took and those taken in the process 
of building the box must be accurate. How- 
ever, the accuracy of the measurements will 
depend on the measuring tools used and one's 
ability to use them correctly. 

Measuring tools are also used for inspecting 
a finished product or partly finished product. 
Inspection operations include testing or check- 
ing a piece of work by comparing dimensions 
of the workplece to the required dinxensions 
given on a drawing or sketch. Again, the meas- 
urements taken must be accurate and accuracy 
depends on one's ability to use measurln^; tools 
correctly. 

After studying this chapier, you should be 
able to select the appropriate measuring tool to 
use in doing a job and be able to operate prop- 
erly a variety of measuring instruinents. 



RULES AND TAPES 

There are many differen. types of measuring 
tools in use In the Navy. Where exact measure- 
ments are required, a micrometer caliper 
(mike) Is used. Such a caliper, when properly 
used, gives measurements to within .001 of an 
Inch accuracy. On the other hand, where ac- 
curacy is not extremely critical, the common 
rule or tape will suffice for most me.^surements. 

Figure 3-1 shows some of the types of rules 
and tapes commonly used In the Navy. Of all 
measuring tools, the simplest and most common 
Is the steel rule. This rule Is usually 6 or 12 
Inches In length, although other lengths are 
available. Steel rules may be flexible or non- 
flexible, but the thinner the rule, the easier It 



IS to measi re accu ately because the division 
marks are closer to .ae work. 

Generally a rule hat- four sets of gradua- 
tions, one on each tOige of each side. The 
longest lines represent the Inch marks. On one 
edge, each inch is diviut?d into 8 equal spaces; 
so each space represents 1/8 In. The other 
edge of this side Is divided into sixteenths. The 
1/4-in. and 1/2-ln. marks are 'Commonly made 
longer than the smaller division marke to fa- 
cilitate counting, but the graduations are not, as 
a rule, numbered Individually, ai:j they are suf- 
ficiently far apart to be counted without diffi- 
culty. The opposite side Is similarly divided 
i:.to 32 and 64 spaces per inch, and It Is com- 
mon practice to number every fourth division 
for easier reading. 

There are winy variations of tho common 
rule. Sometimes the gradsiationt are on one 
side only, someti nes r set of graduations is 
added across one end for measuring in narrow 
spaces, and sometimes -mlythe first Incl s di- 
vided into 64th8,with the remaining Inches di- 
vided into 32n(*3 and ISths. 

A metal or wood folding rule may be used 
for measuring purposes. These folding rules 
are usually 2 to 6 feet long. The folding rules 
cannot be reliea on for extremely accurate 
measurements because a certain amount of 
play develops at the joints after they have been 
used for a while. 




44.24 

Figure 3-1.— Some common types of rules. 
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44.67 

Figure 3-4.— Measuring the outside 
diameter of a pipe. 



Steel tapes are made from 6 to about 300 ft. 
in length. The shorter lengths are frequently 
made with a curved cross section so that they 
are flexible enough to roll up, but reniain rigid 



44.6f» 

Figure 3-6.— Measuring the circum- 
ference of a pipe with a tape. 

when extended. Long, flat iiyes require support 
ove their full length whf»n measuring, or the 
iia' cjral will cause an error in reading. 

Tne ll(^\i'^le-riglu tapes are usually con- 
ti!:r.tiad in metal cases into which they wind 
themselves whon a button is pressed, or into 
which they can be easily pushed. A ^: ok is pro- 
vi^td at one end to hook over the c . ject being 
me' **ured so one man can handle it without as- 
sistance. On some models, the outiiido of the 
case can be used as one end of the tape when 
measuring insid :^ nlmensions. 

MEASURING PROCEDURES 

To take a measurement with a common rule, 
hold Ithe rule with its edge on the surf: ce of the 
object being measured. This will eliminate 
parallax and other errors wh^".h tr f^t result 
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44.26.6 

Figure 3-7. -Using a folding rule to 
measure an Inside dimension. 




44.24.1A 

Figure 3-8.— Measuring an Inside 
dimension with a tape rule. 



due to the thickness of the rule. Read the meas- 
urement at the graduation which coincides with 
the distance to be measured, and state It as be- 
ing so many Inches and fractions of an inch. 
(Fig. 3-2.) Always reduce fractions to their 
lowest terms, for example, 6/8 inch would be 
called 3/4 inch. A hook or eye at the end of a 
tape or rule is normally part of the first meas- 
ured inch. 

Bolts or Screws 

The length of bolts or screws is best meas- 
ured by holding them up agjiinst a rigid rule or 
tape. Hold both the bolt or screw to be meas- 
ured and the rule up to your eye level so that' 
jrour line ofsi^t will not be in error in reading 
the measurement. As shown in figure 3-3, the 




44.70 

Figure J-9.— Meiisur- 
^ Ing the thickness of 
stock thi ough a 
hole. 




44.24.1B 

Figure 3-10.— Measuring an outs e 
dlmerslon u^lug a ta,^ rule. 



bolts or screws with counte.L lnktyp> heads aru 
measureu from the to'^ of thd . oad tc the op- 
posite end, while thoL r/ith other type heads 
are measured from the bottom the head. 

Outside Pipe Diametei . 

To measure the outside Lai. cter of ^ pipe, 
it l3 best to use some kind of rigid rule. A 
folding wooden rule or a steel rule is satis- 
factory for this purpose. As shov/n in figure 
3-4, line up the end of tht rule with one ' ide d 
the pipe, using your thumb as a stop. Tuen with 
the one end held in place with yov Jiumb, swing 
the rule throug^i an arc and take ^iie maximum 
reading at the other side of the p^pe. For most 
practical purposes, the measurement obtaiiie^ 
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OUTSIDE Calipers 





Figure 3-11.— Simple calipers— noncallbrated. 4.17A 



by using this method Is satisfactory. It Is nec- 
essary that you know how to take this measure- 
ment as the outside diameter of pipe Is some- 
times the only dimension given on pipe 
specifications. 

Inside Pipe Diameters 

To measure the Inside diameter of a pipe 
with a rule, as shown In figure 3-5, hold the 
rule 80 that one comer of the rule just rests 
on the Inside of one side of the pipe. Then, with 
one end thus held bi place, swing the I'ule 



through an arc and read the diameter across 
the maximum Inside distance. This method 
Is satisfactory for an approximate Inside 
measurement. 

Pipe Circumferences 

To measure the circumference of a pipe, a 
flexible type rule that will conform to the cylin- 
drical shape of the pipe must be used. A tape 
rule or a steel tape Is adaptable for this job. 
When measuring pipe, make sure the tape has 
been wrapped squarely around the axis of the 
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pipe (i*e*, measurement should be taken in a 
plane perpendicular to the axis) to ensure that 
the reading will not be more than the actual 
circumference of the pipe. This is extremely 
important when measuring large diameter pipe. 

Hold the rule or tape as shown in figure 
3-6» Take the reading, using the 2-inch gradu- 
ation, for example, as the reference point. In 
this case the correct reading is found by sub- 
tracting 2 inches from the actual reading. In 
this way the fi^rst 2 inches of the tape, serving 
as a handle, will enable you to hold the tape 
securely. 

Inside Dimensions 

To U«ke an inside measurement, such as the 
inside of a box, a folding rule that incorporates 
a 6* or 7-inch sliding extension is one of the 
best measuring tools for this job. To take the 
inside measurement, first unfold the folding 
rule to the approximate dimension. Then ex- 
tend the end of the rule and read the length that 
it extends, adding the length of the extension to 
the length on the main body of the rule. (Fig. 
3-7.) In this illustration the length of the main 
body of the rule is 13 inches and the extension 
is pulled out 3 3/16 inches. In this case the 
total inside dimension being measured is 
16 3/16 inches. 

In figure 3-8 notice in the circled insert that 
the hook at the end of the particular rule shown 
is attached to the rule so that it is free to move 
subtly. When an outside dimension is taken by 
hooking the end of the rule over an edge, the 
hook will .iCate the end of the rule even with the 
surface from which the measurement is being 
taken. By being free to move, the hook will re- 
tract away from the end of the rule when an in- 
side dimension is taken. To measure an inside 
dimension using a tape rule, extend the rule be- 
tween the surfaces as shown, take a reading at 
the point on the scale where the rule enters the 
case, and add 2 inches. The 2 inches are the 
width of the case. The total is the inside di- 
mension being taken. 

To measure the thickness of stock through a 
hole with a hook rule, insert the rule through 
the hole, hold the hook against one face of the 
stocky and read the thickness at the other face. 
(Fig. 3-9.) 

Outside Dimensions 

To measure an outside dimension using a 
tape rule, hook the rule over the edge of the 



stock. Pull the tape out until it projects far 
enou^ from the case to permit measuring the 
required distance. The hook at the end of the 
rule is designed so that it \ ill locate the end of 
the rule at the surface from which the meaf 
urement is being take i. (Fig. 3 10.) When tan 
ing a measurement uf length, the tape is held 
parallel to the len^ wise edge. For measuring 
widths, the tape should be right angles to the 
lengthwise edge. Read the aimension of the rulp^ 
exactly at the edge of the piece being measured. 

It may not always be possible to hook the 
end of the tape over the edge of stock' being 
measured. In this case it may be necessary to 
butt the end of the tape against another surface 
or to hold the rule at a starting point from 
which a measurement is to be taken. 

Distance Measurements 

Steel or fiberglass tapes are generally used 
for making long measurements. Secure the 
hook end of the tape. Hold the tape reel in the 
hand and allow it to unwind while walking in the 
direction in which the measurement is to be 
taken. Stretch the tape with sufficient tension 
to overcome sagging. At the same time make 
sure the tape is parallel to an edge or the sur- 
face being measured. Read the graduation on 
the tape by noting which line on the tape coin- 
cides with the measurement being taken. 

CARE 

Rules and tapes should be handled carefully 
and kept lightly oiled to prevent rust. Never 
allow the edges of measuring devices to be- 
come nicked by striking them with hard objects. 
They should pr^ ferably be kept in a wooden box 
when not in use. 

To avoid kinking t pes, pull them straight out 
from their cases— do not bend them backward. 
With the wfndup typ , alwavs turn the crank 
clockwise— turning it backward wiU kink or 
break the tape. With the spri7 .;:-wlnd type, guide 
the tape by hand. If it » 3 allowed to snap back, 
it may be kinked, twi^ ced, or otherwise dam- 
aged. Do not use the hook as a stop* Slow down 
as you reach the end. 

SIMPLE CALIPERS 

Simple calipers are used in conjunction with 
a scale to nieasure diameters. The calipers 
most commonly used in the Navy are shown in 
figure 3-11. 
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4.17B 

Figure 3-12.— Using an outside caliper. 




A B 

4.17C 

Figure 3-13.— Measuring the thickness 
of the bottom of a cup. 



Outside calipers for measuring outside di- 
ameters are bow-legged; those used for inside 
diameters have straight legs with the feet turned 
outward. Calipers are adjusted by pulling or 
pushing the legs to open or close them. Fine 
adjustment is made by tapping one leg lightly on 
a hard surface to close them, or by turning 
them upside down and tapping on the joint end 
to open them. 

Spring- joint calipers have the legs joined by 
a strong spring hinge and linked together by a 
screw and adjusting nut. For measuring cham- 
fered cavities (grooves), or for use over 
flanges, transfer calipers are available. They 
are equipped with a small auxiliary leaf at- 
tached to one of the legs by a screw. (Fig. 
3-11*) The measurement is made as with ordi- 
nary calipers; then the leaf is locked to the leg. 




A B 

4.17D 

Figure 3-14.— Measuring a hard to reach 
inside dimension with an inside caliper. 




4.17E 

Figure 3-15.— Measuring the distance 
between two surfaces with an 
inside caliper. 



The legs may then be opened or closed as 
needed to clear the obstruction, then brought 
back and locked to the leaf again, thus restoring 
them to the original setting. 

A different type of caliper Is the hermaphro- 
dite, sometimes called odd-leg caliper. This 
caliper has one stral^t leg ending In a sharp 
point, sometimes removable, and one bow leg. 
The hermaphrodite caliper Is used chiefly for 
locating the center of a shaft, or for locating a 
shoulder. 

USI^'J CALIPERS 

A caliper is usually used In one of two ways. 
Either the caliper Is set to the dimension of 
the work and the dimension transferred to a 
scale, or the caliper Is set on a scale and the 
work machined until It checks with the dimen- 
sion set up on the caliper. To adjust a caliper 
to a scale dimension, one leg of the caliper 
should be held firmly against one end of the 
scale and the other leg adjusted to the desired 
dimension. To adjust a caliper to the work, 
open the legs wider than the work and then 
bring them down to the work. 

CAUTION: Never place a caliper on work 
that is revolving In a machine. 



83 

9i 



TOOLS AND THEIR USES 




4,17F 

Figure 3-16.— Measuring an Inside 
diameter with an luslde caliper* 




Flpiire 3-17.— Setting a combination firm 
joint caliper* 44*97 



Measuring The Diameter of Round c: 
The Thickness of Flat Stock 

To measure the diameter of round stock, 
or the thickness of flat stock, adjust the out- 
side caliper so that you feel a slight drag as 
you pass It over the stock* (See fig* 3-12*) 
After the proper "feel" has been attained, 
measure the setting of the caliper with a rule* 
In reading the measurement, sight over the le^; 
of the caliper after making sure the caliper la 
set squarely with the face of the rule* 

Measuring Hard to Reach 
Dimensions 

To measure an almost inaccessible outside 
dimension, such as the thickness of the bottom 
of a cup, use an out&ide transfer firm- joint 
caliper as shown in figure 3-13* When the 
proper "feel" Is obtained, ti^iten the lock joint* 
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44*97A 

Figure 3-18*— Decreasing and increasing 
the setting of a firm joint caliper* 




44«97B 

Figure 3-19*— Setting a com- 
bination firm joint caliper 
for In&lde measurements* 



Then loosen the binding nut and open the caliper 
enou^ to remove it from the cup* Close the 
caliper again and tl^ten the binding nut to seat 
in the slot at the end of the auxiliary arm. The 
caliper Is nov^ at ttie original setting, repre- 
senting the thickness of the bottom of the cup. 
The caliper setting can now be mc^asured with a 
rule* 

To measure a hard to reach inside dimen- 
sion, such as the internal groove shown in fig- 
ure 3-14, a lock- joint inside caliper should be 
used* The procedure followed for measuring 
a hard to reach outside dimension Is used. 

Measuring The Distance 
Between Two Surfaces 

To measure the distance between two sur- 
faces with an inside caliper, first set the caliper 
to the approximate distance being measured. 
Hold the caliper with one leg in contact with one 
of the surfaces being measured. (See fig. 3-15.) 
Then as you increase the setting of the caliper, 
move the other leg from left to right. Feel for 
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OUTSloe CAUPCR 



4.17G 

Figure 3- 20. -Setting an outside 
spring caliper. 




4.1 7H 

Figure 3- 21. -Setting an Inside 
spring caliper. 

the sll^t drag Indicating the proper setting of 
the caliper. Then remove the caliper and 
measure the setting with a rule. 

Measuring Hole Diameters 

To measure the diameter of a hole with an 
Inside caliper, hold the caliper with one leg in 
contact with one side of the hole (fig, 3-16) and, 
as 3^u increase the setting, move the :ther leg 
from left to right, and in and out of the hole. 
When you have found the point of largest diam- 
eter, remove the caliper and measure the cali- 
per setting with a rule. 

Setting A Combination 
Firm Joint Caliper 

To set a combination firm joint caliper with 
a rule, when the legs are in position for outside 
measurements, grasp the caliper with both 
hands, as shown In figure 3-17A and adjust 




4,17K 

Figure 3-22, -Transferring a meas- 
urement from an outside to an 
inside caliper. 



SCAU 



FIX£0 JAW 



a 
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28,4A 
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Figure 3-23,-Callper square 
(slide caliper). 



both legs to the approximate setting. By adjust- 
ing both legs, the shape of the tool will be ap- 
proximately symmetrical. Thus It will maintain 
its balance and be easier to handle. 

Check this approximate setting as shown In 
figure 3-17B. Slglit squarely across the leg at 
the graduations on the rule to get the exact set- 
ting required. 

If it Is necessary to decrease or Increase the 
setting, tap one leg of the caliper, as shown In 
figure 3-18, The arrow Indicates ^he change In 
setting that will take place. 

When the caliper Is set for inside measure- 
ments, the same directions for adjusting the 
setting apply. Figure 3-19 shows how the end 
of the rule and one leg of the caliper are rested 
on the bench top so that they are exactly even 
with each other when the reading Is taken. 

Setting Outside And Inside 
Spring Calipers 

To set a particular reading on an outside 
spring caliper^ first open the caliper to the ap- 
proximate set ing. Thr.n, as shown in figure 
3-20, place one leg over tho end of the i-ule, 
steadying it with index finger. Make the final 
setting by sighting over the other leg of the 



85 



EKLC 



93 



TOOLS AND THEIR USES 




44.71 

Figure 3-24.— Measaring an outside 
dimension with a pocket slide 
caliper. 

caliper, squarely with the face of the rule a. 
the reading, and turning the knurled adjusting 
nut until the desired setting is obtained. 

To set an inside spring caliper to a particu- 
lar reading, place both caliper and rule on a 
flat surface as shown in figure 3-21. The rule 
must be held squarely or normal (90° in both 
directions) to the surface to ensure accuracy. 
Adjust the knurled adjusting nut, reading the 
setting on the rule with line of sight normal to 
the face of the rule at the reading. 

Transferring Measurements From 
One Caliper To Another 

To transfer a measurement from one spring 
caliper to another, hold the calipers as shown 
in figure 3-22. Note that one of the man's 
fingers is extended to steady the point of con- 
tact of the two lower caliper legs. In this ligure 
the inside caliper is being adjusted to the size 
of the outside caliper. As careful measure- 
ments with calipers depend on ont's sense of 
touch, which is spoken of as '*feel," calipers 
are best held lightly. When you notice a slight 
drag, the caliper is at the proper setting. 

CARE 

Keep calipers clean and lightly oiled, but do 
not overoi) the joint of firm join' calipers or 
you may have difficulty in keeping them tight. 
Do not throw them around or use them for 
screwdrivers or pry bars* Even a slight lore ^ 
may spring the legs of a caliper so that other 
measurements made with it are never accurate. 
Remember they are measuring instruments and 




44.72 

Figure 3-25.— Measuring an inside 
dimension with a slide caliper. 

must be used only for the purpose for which 
they are intended. 

SLIDE CALIPER 

The main disadvantage of using ordinary 
calipers is that they do not give a direct read- 
ing of a caliper settings As explained earlier, 
you must measure a caliper setting with a rule* 
To overcome this disadvantage, use slide cali- 
pers (fig. 3-23). This instrument is occasion- 
ally called a caliper rule. 

Slide calipers can be used for measuring 
outside, inside, and other dimensions. One side 
of the caliper is used as a measuring rule, 
while the scale on the opposite side is used in 
measuring outside and inside dimensions* 
Graduations on both scales are in inches and 
fractions thereof. A locking screw is incor- 
porated to hold the slide caliper jaws in position 
during use. Stamped on the frame are two 
words, and "OUT/* These are used in 

readir/g the scale while making inside and out- 
side measurements, respectively. 

To measure the outside diameter of round 
sto k, or the thickness of flat stock, move the 
jav. s of the caliper into firm contact with the 
surface of the stock. Read the measurement 
at the reference line stamped OUT. (See fig. 
3-24*) 

When measuring the inside diameter of a 
hole, or the distance between two surfaces, in- 
sert only the rounded tips of the caliper jaws 
into the hole or between the two surfaces* (See 
fig. 3-25.) Read the measurement on the ref- 
erence line stamped IN. 

Note that two reference lines are needed if 
the caliper is to measure both outside and in- 
side dimensions, and that they are separated 
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28.4B 



Figure 3-26.— Vernier caliper. 
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29.266A 



Figure 3-27.— Vernier scale principle. 



by an amount equal to the outside dimension of 
the rounded tips when the caliper is closed. 

Pocket models of slide calipers are com- 
monly made in 3-in. and 5-in. sizes and are 
graduated to read in 32nds and 64ths. Pocket 
slide calipers are valuablf yhen extreme pre- 
cision Is not required. They are frequently used 
for duplicating work when the expense of fixed 
gages Is not warranted. 

VERNIER CALIPER 

A vernier caliper (fig. 3-26) consists of an 
L- shaped member with a scale engraved on the 
long shank. A sliding member is free to move 
on t^^^ bar and carries a jaw which matches the 
arm of the L. The vernier scale is engraved on 
a small plate that is attached to the sliding 
member. 

Perhaps the most distinct advantage of the 
vernier caliper, over other tjrpes of caliper, Is 
the abUlty to provide very accurate measure- 
ments over a large range. It can be used for 



both Internal and external surfaces. Pocket 
models usually measure from zero to 3 In., but 
sizes are available all the way to 4 ft. In using 
the vernier caliper, you must be able to meas- 
ure with a slide caliper and be able to read a 
vernier scale. 

PRINCIPLES OF THE 
VERNIER SCALE 

It would be possible to etch graduations 
1/1000 Inch (0.001) In. apart on a steel rule or 
sliding caliper as shown In figure 3-27. This 
enlarged illustration shows two graduated 
scales. The top scale has divisions which are 
0.025 inches apart. The small sliding lower 
scale has 25 0.001 inch graduations which can 
divide any of the main scale divisions of 0.025 
inch into 25 parts. When the first graduation 
marked "O" on this small scale aligns with a 
graduation on the ms.ln scale, the last, or 25th 
will also align with a graduation on the nuln 
scale as shown. Consequently, the small 0.00 
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29.266(44B)A 

Figure 3- 28. -Expanded view of the vernier ncule. 

main scale division, the vernier graduations 
are arranged at intervals exactly 0.001 Inch 
less than ^he main scale graduations, as shown 
in fig. 3-28. This arrangement results In an 
accumulation of misalignments starting with 
the st vernier graduation past the zero so 
tha: each may be marked as shown with a num- 
ber roin-esenting the spa.ce in ♦thousandths to 
the next upper scale graduation. For example, 
if the zero index line would be nK)ved past the 
8 inch graduation until the vernier graduation 
number 5 aligned with the next main scale 
graduation, the exact reading would be 8 inches 
plus 0.005 or 8.005 inches. 

READING A VERNIER CALIPER 

Figure 3-29 shows a bar 1 inch long divided 
by graduations into 40 parts so that each gradu- 
ation indicates one-fortieth of an inch (0.025 
inch). Every fourth graduation is numbered; 
each number indicates tenths of an inch (4 x 
0.025 inch). The vernier, which slides along 
the bar, is graduated into 25 divisions which to- 
gether, are as long as 24 divisions on the bar. 
Each division of the vernier Is 0.001 inch 
smaller than each division on the bar. Verniers 
that are calibrated as just explained are known 
as English- measure verniers. The metric- 
measure vernier is read the same, except that 
the units of measurement are in millimeters. 

In figure 3-30, insert A illustrates the Eng- 
lish measure vernier caliper. Insert B shows 
an enlarged view of the vernier section. As you 
can see in this figure, when the zero on the 
vernier coincides with the 1-inch mark, no 
other lines coincide until the 25th mark on the 
vernier. 
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Figure 3-29.— English-measure 
vernier scale. 



graduations are not significant in this position* 
But when the zero graduation doss not align 
with a graduation on the main scale, it can be 
readily determined how many thousandths the 
zero miSised the 0.025 inch graduation by count- 
ing the misaligned graduation at either end of 
the small scale. When the zero or index line 
on the sliding scale does not quite reach the 
graduation, the amount of misalignment must be 
subtracted, but when it passes the 0,025 gradu- 
ation fx'om which the reading is made, it must 
bo added. This illustrates the simple arrange- 
ment to increase the accuracy of a common 
(xale. Unfortunately, the 0.001 inch graduations 
are not too legible and so the system is not 
practical. A vernier arrangement overcomes 
this problem. 

VERNIER SCALE ARRANGEMENT 



The main difference between the vernier 
scale and the arrangement shown in fig. 3-27 is 
the spacing of the 25 divisions. Instead of 25 
graduations crowded within the space of one 
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Table 3- 1.— Measurini^ Point Allowances 
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Figure 3-31.— Metric-measure 
vernier scales. 

To read tlie caliper in insert C, write down 
In a column the number of inches (1.000 in.), of 
tenths of an Inch (0.400 In.), and of thousandths 
of an inch tiiat the zero mark on the vernier is 
from the zc* o mark on the rule. Because the 
zero mark on the vernier is a little past a 0.025 
in. mark, write down the 0.025 in. and then note 
the highest number on the vernier where a line 
on the vernier coincides with one on the rule. 
In this case it is at the 0.011 in. line on the 
vernier, so you also write the 0.011 in* In the 
column which will then look like this: 

1.000 In. 

.400 in. 

.025 in. 

.011 in. 
1.436 In. 

The reading on the caliper shown in insert C 
Is 1.436 In. and was obtai \ed by adding four 
separate "readings.'* After a little practice you 
will be able to make these calculations mentally. 





Size of 


English 


Metric 




Caliper 


Measure 


Measure 




or 150 mm . 


Add 0.250"... 


Add 6.35 mm. 


12" 


or 300 mm . 


.300"... 


7.62 mm. 


24" 


or 600 mm . 


.300"... 


7.62 mm. 


3G" 


or 600 mm . 


.500"... 


12.70 mi.i. 



Now try to read the settings of the two ver- 
niers shov;n in inserts D and E. Follow the 
above procedure. You should read 2.350 In. on 
D and 2.368 in. on E. 

To read a metric- measure vernier, note the 
number of millimeters, and the 0.25 millimeter 
if the setting permits, that the zero on the ver- 
nier has moved from the zero on the scale. 
Then add the number of hundredths of a milli- 
meter indicated by the line on the vernier that 
comcides with a line on the scale. 

For example, figure 3-31A shows the zero 
graduation on the vernier coinciding with a 
0.5- mm graduation on the scale resulting iii a 
38.50 mm reading. The reading in figure 3-31B 
indicates that 0.08 mm should be added to the 
scale reading and results in 38.00 mm + 0.50 
mm + 0.0^ mm = 38.58 mm. 

If a vernier caliper Is calibrated In either 
English measure or In metric measure, usually 
one side will be calibrated tc^ take outside 
measurements and the other to take inside 
measurements directly. The /errler plate for 
inside measurements is set tc . .^^nensate for 
the thickness of the measurlni^ T.^mts of the 
tools. But if a vernier caliper is calibrated for 
both English and metric measure, one of the 
scales will appear on one side and one on the 
other. Then it will be necessary , when taking 
inside measurements over the measuring points, 
to add certain amounts to allow for their thick- 
ness . For example , table 3- 1 shows the 
amounts to be added for various sizes of ver- 
nier calipers. 

Outside Surface Measurements 

To measure the distance between outside 
surfaces or the outside diameter o£ round stock 
with a vernier caliper, steady the stock with one 
hand and hold the caliper in the other as shown 
in figure 3-32. In the figure, the clamping- 
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28, 4C 

Figure 3-32.— Measuring an outside 
diameter with a vernier caliper. 




28. 4D 

Figure 3-33.— Measuring an inside 
diameter with a vernier caliper. 



SPINDLE THIMBLE 




4.20.1A 

Figure 3-34.— Nomenclature of an outside 
micrometer caliper. 
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screws are at A and B; the horizor*il *»ajust- 
ing screw nut is at With A and B loose, 
slide the movable jaw toward the piece being 
measured until it is almost in contact. Then 
tighten A to make C operative. With C, adjust 
the movp.ble jaw to the proper feel and secure 
the setting with B. The reading can then be 
taken as explained previously. 

Inside G^^rface Measurements 

To measure the distance between inside 
surfaces, or the inside diameter of a hole, with 
a vernier caliper, use the scale marked "in- 
side." Figure 3-33 shows the measuring 
points in place. Remember that if you are using 
a vernier caliper with Ijoth metric and English 
scales, the scales appear on opposite sides of 
the caliper and apply only to oiiside me \sure- 
ments. Then, to get correct inside measure- 
ments, you add to the actual reading the meas- 
uring point allowance for the size of caliper 
you are using. Take this allowance from table 
3-1 or the manufacturer's instructions. The 
actual measurement in this case is made in the 
same manner as taking an outside measurement. 

CARE OF THE VERNIER CALIPER 

The inside faces of tiie jaws and the outside 
of the tips must be treated with great care. If 
they become worn, or the jaws bent, the tool 
will no lonejer give accurate readings. The ac- 
curacy of vernier calipers should be checked 
periodically by measuring an object of known 
dimension. Vernier calipers can be adjusted 
when they are not accurate, but the manu- 
facturer's recommendations for this adjust- 
ment must be followed. Keep vernier calipers 
lightly oiled to prevent rust and keep them 
stored away from heavy tools, 

MICROMETER 

In much wider use than the vernier caliper 
is the micrometer commonly called the "mike." 
It is important that a person who is working with 
machinery or in a machine shop thoroughly 
understand the mechanical principles, construc- 
tion, use, and care of the micrometer. Figure 
3-34 shows an outside micrometer caliper with 
the various parts clearly indicated. Microm- 
eters are used to measure distances to the 
nearest one thousandth of an inch. The meas- 
urement is usually expressed or written as a 
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INSiOE MICROMETER ANO EXTENSJON RODS 



DEPTH MICROMETER AND EXTENSION RODS 



4.20aB 



Figure 3-35*— Common types of micrometers* 



decimal; so you must know the method of writ- 
ing and reading decimals. 

TYPES 

There are three types of micrometers that 
are most commonly used throu^out the Navy: 
the outside micrometer caliper (including the 
screw thread micrometer), the inL'de microm- 
eter, and the depth micrometer. (See fig. 3-v35.) 
The outside micrometer is used for measuring 
outside dimensions, such as the diameter of a 
piece of round stock. The screw thread mi- 
crometer is used to determine the pitch dlam- 
etci of screws. The inside micrometer is used 
for measuring Inside dimensions, as for exam- 
ple, the Inside diameter of a tube or hole, the 
bore of a cylinder, or the width of a recess* 
The depth micrometer is used for measuring 
the depth of holes or recesses* 

SELECTING THE PROPER 
MICROMETER 

The types of micrometers commonly used 
are made so that the longest movement possible 
between the spindle and the anvil is 1 inch* This 



movement is called the ''range." The frames of 
micrometers, however, are available In a wide 
variety of sizes, from 1 inch up to as large as 
24 inches* The range of a 1-inch mlcrome*^er 
is from 0 to 1 Inch; in other words, it can be 
used on work where the part to be measured 
is 1 inch or less* A 2'-inch micrometer has a 
range from 1 inch to 2 inches, and will meas- 
ure only work between 1 and 2 Inches thick; a 
G-inch micrometer has a range from 5 to 6 
inches, and will measure only work between 5 
and 6 Inches thick. It is necessary, therefore, 
that the mechanic in selecting a micrometer 
first find the approximate size of tx:e work to 
the nearest inch, and then "select a microm- 
eter that will fit It* For iple, to find the 
exact diameter of a piecr ro md stock; use a 
rule and find the appro> e diameter of the 
stock* If it is found to bt .t^proxlmately 3 1/4 
inches, a micrometer with a 3- to 4- inch range 
would be required to measure the exact diam- 
eter* Similarly, with Inside and depth microm- 
eters, rods of suitable lengths must be fitted 
into the tool to get the approximate dimension 
within an Inch, after which the exact measure- 
ment Is read by turning the thimbl*^* The size 
of a micrometer Indicates the size of the larg- 
est work it will measure* 
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THIMBLE SCALE 
SLEEVE SCALE 

.500 
.050 
.000 




29.266D 

Figure 3-36,— Sleeve and tJiimble scales 
of a micrometer (enlarged). 



READING A MICROMETER 
CALIPER 

The sleeve and thimble scales of the mi- 
crometer caliper have been enlarged in figure 
3-36. To understand these scales, you need to 
know that the threaded section on the spindle, 
which revolves, has 40 threads per inch. There- 
fore, every time the thimble completes a revo- 
lution, the spindle advances or recedes 1/40" 
(0,025"), 

Notice that the horizontal line on the sleeve 
is divided into 40 equal parts per inch. Every 
fourth graduation is numbered 1, 2, 3, 4, etc., 
representing 0,100", 0,200", etc. When you turn 
the thimble so that its edge is over the first 
sleeve line past the "0" on the thimble scale, 
the spindle has opened 0,025", If you turn the 
spindle to the second mark, it has moved 0,025" 
plus 0.025" or 0,050". You use the scale on the 
thimble to complete your reading when the edge 
of the thimole stops between graduated lines. 
This scale is divided Into 25 equal parts, each 
part representing 1/25 of a turn. And 1/25 of 
0.025" is 0,001". As you can see, every fifth 
line on the thimble scale is marked 5, 10, 15, 
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Answers for checking — 

1. =: 0.327 4. = 0,438 

2. = 0.229 5. 0.137 

3. = 0.428 6. ---^ 0.336 



7, 
8. 
9. 



0.246 

- 0.148 

- 0,349 



Figure 3-38 .—Micrometer-reading 

exercises. ^.20 



etc. The thimble scale , therefore , permits you 
to take very accura.te readings to the thousandths 
of an inch, and, since you can estimate between 
the divisions on the thimble scale, fairly ac- 
curate readings to the ten thousandth of an inch 
are possible. 

The closeup in figure 3-37 will help you un- 
derstand how to take a complete micrometer 
reading. Count the units on the thimble scale 
and add them to the reading on the sleeve scale. 
The reading in the figure shows a sleeve read- 
ing of 0.250" (the thimble having stopped slightly 
more than halfway between 2 and 3 on the 
sleeve) with the 10th line on the thimble scale 
coinciding with the horizontal sleeve line. Num- 
ber 10 on this scale means that the spindle has 
moved away from the anvil an additional 10 x 
0.001" or 0.010". Add this amount to the 0.250" 
sleeve reading, and the total distancf^ is 0.260". 

Read each of the micrometer settings in fig- 
ure 3-38 so that you can be sure of yourself 
when you begin to use this tool on the job. The 
correct readings are given following the figure 
so that you can check yourself. 

Figure 3-39 shows a reading in which the 
horizontal line falls between two graduations on 
the thimble scale and is closer lo the 15 gradu- 
ation than it is to the 14. To read this to THREE 




A 



.300 
025 
.015 



B 



.340 



.300 
.025 
.014 
.0007 



.3397 



29.266F 



Figure 3-39.— Interpolating a 
micrometer reading. 



decimal places, refer to figure 3-39 and calcu- 
lation A. To read it to FOUR decimal places, 
estimate the number of tenths of the distance 
between thimble- scale graduations the hori- 
zontal line has fallen. Each tenth of this dis- 
tance equals one ten-thousandth (0.0001) of an 
inch. Add the ten-thousandths to the reading 
as shown in the calculations of figure 3-39B. 



READING A VERNIER 
MICROMETER CALIPER 

Many times you will be required to work to 
exceptionally precise dimensions. Under these 
conditions it is better to use a micrometer that 
is accurate to ten-thousandths of an inch. This 
degree of accuracy is obtained by the addition 
of a vernier scale. This scale, shown In figure 
3-40, furnishes the fine readings between the 
lines on the thimble rather than making you 
estimate. The 10 spaces on the vernier are 
equivalent to 9 spaces on the thimble. There- 
fore, each unit on the vernier scale is equal to 
0.0009" and the difference between the sizes of 
the units on each scale is 0.0001". 

When a line on the thimble scale does not 
coincide with the horizontal sleeve line, you can 
determine the additional space beyond the read- 
able thimble marK by finding which vernier 
mark coincides with a line on the thimble scale. 
Add this numi .^r, as that many ten-thousandths 
of an Inch, to he original reading. In figure 
3-41 see how the second line on the vernier 
scale coincides with a line on the thimble scale. 
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200 
025 
022 
0000 



2470 



\ V 



Figure 3-40.— Vernier scale on 

a micrometer. 29.266G 



.0002 




.2862 

29.266H 

Figure 3-41.— Read a vernier 
micrometer caliper. 



This means that the 0.011 mark on the thim- 
ble scale has been advanced an additional 
0*0002" beyond the horizontal sleeve line. When 
you add this to the other readings, the reading 
will be 0.200 + 0.075 + 0.011 + 0.0002 or 
0*2862", as sLown. 




.750" 




B 



44.77 

Figure 3-42.— Measuring an inside 
diameter with an inside caliper. 




4.20. 2A 

Figure 3-43.— Measuring round stock 
with a micrometer caliper. 



MEASURING HOLE DIAMETERS 
WITH AN INSIDE MICROMETER 
CALIPER 

To measure the diameter of small holes 
from 0.2" to 1" in diameter, an inside microm- 
eter caliper of the jaw type as shown In figure 
3-42A may be used. Note that the figures on 
both the thimble and the barrel are reversed, 
increasing in the opposite direction from those 
on an outside micrometer caliper* This is be- 
cause this micrometer reads inside measure- 
ments. Thus as you turn the thimble clock- 
wise on this micrometer, the measuring 
surfaces move farther apart and the reading 
increases. (On an outside micrometer caliper, 
as you turn the thimble clockwise, the meas- 
uring surfaces move closer together and the 
reading decreases.) 
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Figure 3-44,— Measuring flat 
stock with a micrometer 
caliper, 4,20.1C 

For holes from 2" up to several feet in 
diameter, select the inside micrometer having 
extension rods whose range includes the re- 
quired dimension. The extension rod marked 
"6-7," for example, when inserted into the 
head of the micrometer, will measure inside 
diameters from 6" to 7", The shoulder on the 
rod must seat properly to ensure a correct 
reading. Figure 3-42B shows that, for large 
measurements, both hands are used to set the 
micrometer for checking z diameter. Hole one 
end in place with one hand as you "feel" for the 
maximum possible setting by moving the other 
end from left to right, and in and out of the 
hole with the other hand. When no left-to-right 
movement is possible, and a slight drag is no- 
ticed on the in-and-out swing, take the reading, 

MEASURING ROUND STOCK 

When measuring the diameter of a small 
piece of round stock, hold the stock to be meas- 
ured in one hand. Hold the micrometer in the 
other hand so that the thimble rests between 
the thumb and the forefinger, (See fig. 3-43,) 
The third finger Is then in a position to hold 
the frame against the palm of the hand. The 
frame Is supported in this manner and makes 
It easy to guide the work over the anvil. The 
thumb and forefinger are in position to turn the 
thimble either directly or through the ratchet 
and bring the spindle over against the surface 
being measured. 

Turn the spindle down to contact by "feel," 
or else use the ratchet stop. Your feel should 



produce tl.o same contact pressure and there- 
fore the same reading as that produced when 
the ratchet stop is used. Develop your "feel" 
by measuring a certain dimension both with and 
without the aid of the ratchet stop. When you 
have the correct teel, you will get the same 
readings by both methods. 

In measuring round stock the fee^ must be 
very light because there is only a line contact 
between the spinJle and the stock and the anvil 
and the stock. Therefore the contact area is 
exceptionally small, causing a proportionally 
high contact pressure per unit of area. This 
tends to give a reading smaller than the true 
reading unless the light feel is used. More- 
over, in measuring a ball from a ball bearing, 
the contact is P.t only two points, so the contact 
area is ai^ini very small, which results in a 
tremendous pressure per unit of area. This 
condition requires only the lightest possible 
contact pre ssure to give a true reading. 

Hold the micrometer lightly and for only as 
long as is necessary to make the measurement. 
Wrapping the hand around it or holding It for 
too long a time will cause expansion of the 
metal and will introduce errors in measure- 
ment. Read the setting on the thimble scale (if 
the object is small) without removing the mi- 
crometer caliper from the object, 

MEASURING A FLAT SURFACE 

When measuring a flat surface with a mi- 
crometer caliper, the entire area of both the 
anvil and the spindle is in contact with the sur- 
face being measured. This causes a propor- 
tionally low contact pressure per unit of area. 
Therefore the "feel" should be slightly heavier 
than when measuring round stock. 

On large flat work, it is necessary to have 
the work stationary and positioned to permit 
accejs for the micrometer. The proper method 
of holding a micrometer when checking a part 
too large to be held in one hand is shown in fig- 
ure 3-44, The frame Is held by one hand to 
position it and to locate it square to the meas- 
ured surface. The other hand operates the 
thimble either directly or through the ratchet. 
A large flat surface should be measured In sev- 
eral places to determine the amount of varia- 
tion. It is good practice to lock the spindle In 
place with the locknut before removing the mi- 
crometer from the part being measured. After 
removal of the micrometer the measurement 
indicated on the thimble scale can then be read. 
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To retain a particular setting, incases where 
several pieces are to be gaged, lock the spindle 
In place with the locknut. When a piece is 
"gaged'' with a micrometer whose spindle is 
locked to a particular setting, the piece can 
quickly be identified as oversize, correct size, 
or undersize. 

CARE OF MICROMETERS 

Keep micrometers clean and lightly oiled. 
Make sure they are placed in a case or box 
when they are not in use. Anvil faces must be 
protected from damage and must not be cleaned 
with emery cloth or other abrasive. 

SQUARES 

Squares are primarily used for testing and 
checking trueness of an angle or for laying out 
lines on materials. Most squares have a rule 
marked on their edge. As a result they may 



also be used for measuring. There are sev- 
eral types of squares commonly used in the 
Navy. 

CARPENTER'S SQUARE 

The size of a carpenter's steel square (fig. 
3-45) is usually 12 inches x 8 inches, 24 inches x 
16 inches, or 24 inches x 18 ir.ches. The flat 
sides of the blade and the tongue are graduated 
in inches and fractions of an inch. (The square 
also contains information that helps to simplify 
or eliminate the need for computations in many 
woodworking tasks.) The most common uses 
for this square are la, ng out and squaring up 
large patterns, and for testing the flatness and 
squareness of large surfaces. Squaring is ac- 
complished by placing the square at right angles 
to adjacent surfaces and observing if light 
shows between the work and the square. 

One type of carpenter's square (framing) has 
additional tables engraved on the square. With 
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44 25 



Figure 3-46.— Common try square. 




SLIDING T 
BEVEL 



44.26 

Figure 3-47.— Sliding T-bevel. 



45» 

DRAFTING 
^ TRIANGLE 




COMBINATION 
SQUARE 



SETTING THE T-BEVEL 
0 



44,26A 

Figure 3-48.— Adjusting a sliding T-t)evel 
to a desired setting. 



the framing square, the craftsman can perform 
calculations rapidly and layout rafters, oblique 
joints and stairs. 

TRY SQUARE 

The try square (fig. 3-46) consists of two 
parts at right angles to each other; a thick wood 
or iron stock and a thin, steel blade. Most try 
squares are made with the blades graduated in 
Inches and fractions of an inch. The blade length 
varies from 2 inches to 12 inches. This square 
is used for setting or checking lines or sur- 
faces which have to be at right angles to each 
other. 

SLIDING T BEVEL 

The sliding T-b^ I (fig. o~47) is an ad- 
justable try square w : a slotted beveled blade. 
Blades are norma [y 6 or 8 inches long. The 
sliding T-bevel is ntv^d for aying out angles 
other than right an, r aui for testing con- 
structed angles such a:; . ovels. These squares 
are made with either wood or metal handles. 





44,26B 

Figure 3-49.— Testing the trueness 
of a bevel. 



Adjustments 

To adjust a sliding T-bevel to a desired 
setting, loosen the blade screw, at the round 
end of the handle, just enough to permit the 
blade to slide along its slot and to rotate with 
slight friction. 

To set the blade at a 45° angle, hold the 
handle against a framing square, as shown in 
figure 3-48A, with the blade Intersecting equal 
graduations on the tongue and blade of the 
square. Or: hold the bevel against the edges of 
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SQUARE HEAD 



PROTRACTOR HEAD 



REVOLVING 
TURRET 



CENTER HEAD 





I" 



29.25 



Figure 3-50,— Combination square set. 



a 45° drafting triangle as shown in figure 
3-43B. When using drafting triangles for set- 
ting a sliding T-bevel, different size triangles 
must be used for each different setting. A 45° 
angle can also be set by using the squaring head 
of a combination set as shown in figure 3-48C. 

A sliding T-bevel can be set to any desired 
angle by using a protractor. Loosen the blade 
screw as before, and hold the bevel with Its 
blade passing through the graduation selected, 
and the center of the protractor as shown at (D) 
in figure 3-48. 

Constructed Angle Verification 

To test a chamfer or bevel for trueness, set 
the T-bevel to the required angle, and hold the 
handle to the working face of the stock being 
tested. Face a source of light, and with the 
blade brought Into contact with the surface to 
be tested, pass the blade along the length of the 
surface. (See fig. 3-49.) The appearance of 
ll^t between the blade and the surface of the 
stock Indicates where the angle Is not correct. 
Figure 3-49 indicates the checking of a bevel, 
but testing the trueness of a chamfer Is ac- 
complished In the same way. 



COMBINATION SQUARE 

A combination square Is equipped with mov- 
able heads called a SQUARE HEAD, PROTRAC- 
TOR HEAD, and a CENTER HEAD. These com- 
bine the functions of several tools, and serve a 
wide variety of purposes. (See figs. 3-50 and 
3-51.) Normally, only one head is used at a 
time. 

The SQUARE HEAD may be adjusted to any 
position along the scale and clamped securely 
In place. The combination square can thus 
serve as a d?pth gage, height gage, or scribing 
gage. IVo oi the faces of the head are ground 
at rl^t angles to each other, and a third face at 
45 degrees. A small spirit level Is built into 
the head for checking whether surfaces are 
plumb, and a small scrlber is housed In a hole 
In the end o£ the head for marking layout lines. 

The CENPER HEAD can be slid on to the 
blade In place of the square head. This Is a V- 
shaped member so designed that the center of 
the 90 degree V will lie exactly along one edge 
of the blade. This attachment is useful when 
locating the exact center of round stock. 

The PROTRACTOR HEAD, commonly called 
a bevel protractor, can be attached to the scale, 
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E-LOCAfING A SHAFT CENTER. F-MEASURING THE DEPTH OF A SLOT. 

Figure 3-51,— Combination square applications. 
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Fil'.iUMj 3-!')/i.— TyiHiM of f/iiK'-M* 



44.27 



adjuflted to any ix)Hltl()n on U, and lurncnJ and 
locked at any dewlrod anKlo. Angular yjiKki- 
atlonH UHually road from 0 to IHO (U^'-rooH botli 
way«, pormlttlnK tho Hupploniont of tho anj^ltJ u> 
bo road. A wplrlt lovol may bo Included on 
Bome nKxJolH forndnK, In offiictpan adJuHtabhf 
lovol to hIiow any roqulr«jd iU^\f,nsii. 

Curo of ScjuaroH 

Mako cortaln tho bladoM, fieadH, dlaln, ai^l 
all accoHHorlcf* an; irloan. Apply a \ coal of 
oil on all niotal huvUuuih to provont ruHtln^ 
whon not In uho. I>) not uho nqiiiiroH for pur- 
IxiHOH othor than thoHo IntondinJ. VVhiMi Ktorln^ 
wpiaron or f)«fVolH for lonj: poriodM of tlino, 



apply a liberal amount of oil or ruHt-provontlvo 
(:oniix)und to all MurfacoH, wrap In ollod papor 
or cloth, and placo In contalnt^rH or on rackH 
away from otiuM* toolH. 

MISCKI.LANIOOUS GAGKS 

Thoro aro a numbur of nilMcollanoouH vmv^^h. 
Tiio dopth \fM\{Uf foolor K*^K"i throad K^K<^ 
HcoplnK \fMV.(U (llvldorH, and plumb tK)b aro 
amonK womo of tho \fMV.f^^ will bo (lb,ruHHod 

luM'O. 

I)KI>'ni (;A(iK 

A dopth \f,ii\f,t) iH an Inntrumont for moaHurbiK 
tlio dopth of lioloH, Mif)tH,countorlx)rOM, nuu^HimH, 
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44.74 

Ftj^ure 3- 53.- Using depth |.;ages. 



and the distance from a surfare to some re- 
cesaed part. The RULE DEPTH GAGE and the 
MICROMETER DEPTH GAGE are the most 
commonly used In the Navy. (See fig. 3-52.) 

The rule depth gage la a graduated rule with 
a sliding head designed to bridge a hole or slot, 
and to hold tiie rule perpendirjilar to the sur- 
face on which the measureinont is taken. This 
typo has a measuring range of () to 5 Inches. 
The sliding head has a clamping screw so that It 
may bo clamped In any position. The sliding 
lioad has a flat base which Is perpendicular to 
tlie axis of the rule and ranges In sl/c from 2 
to 2 5/8 Inches In width and from l/H to 1/4 
inch In thickness. 

The micrometer depth ffage conslHtH of a 
flat base attached to the barrel (sleeve) of a 
micrometer head. These gages have a range 
from 0 to 9 Inches » depending on the length of 
extension rod used. Tlie hollow rnlcrorneter 
screw (the threads on whlcli the (hlmhle ro- 
tates) Itself has a range of either 1/2 or 1 Inch. 
Some are provided with a ratchet stop. The flat 
\MHO rangos In size from 2 to 0 Inches. Several 
extension rods are normally suppll()d wUli this 
iy\H3 of guge. 

To measure the depth of a hole or slot with 
reafK>nable accuracy, uwj a depth gage as sliown 
In figure 3-53A. Hold the l)ody of the depth 
guge against the surface from wl»lch the depth 
IH to l>e measured and extend tlie scale Into the 
hole or slot. Tighten Mk? set screw to maintain 
the setting. Withdraw the tool from tlie work 
and road the depth on the scale. 

'J'o njoasure the depth of a hole or slot wltli 
more accuracy tlian Is ixjsslble with an (jrdi- 
lUry (\i)\Ah gage, place a V(trnler depth gag(» 
over (lie hUA as shown In figure 3-531}. Ncjtlce 
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Figur*! 3-54. — Surface i-rage. 
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:he damping screws are at X arxl Y; the hori- 
zontal adjusting screw nut Is at Z. With X and 
y loose, slide the scale down Into the slot being 
monMured until It Is almost In contact. Then 
tighten X to niiike / ojHirative. Wltli Z, adjust 
the scale to the "proper feel" and secure the 
setting with Y. Hy proper feel we mean the ad- 
justment at which you first notice contact be- 
tween th(} end of (he scale and the bottom of the 
slot. Then read the setting as described under 
"Reading a vernier scale." 

To set the vernier depth gage to a i)iirtlcular 
setting, loosen lx)th setscrews at X and at Y 
and slide the scale througji the gage to the a|)- 
proxlmate setting. Tighten the setscrew at X, 
ttirn the knurled nut at Z until the desired set- 
ling is nu*de, and tighten the setscrew at Y to 
liold the fKtttlng. 
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Flt^ure 3-55.— Setting a surface gage 
to height. 



To measure the depth of a hole or slot, as 
ahown In figure 3-53C, with nnore accuracy 
than Is possible with either an ordinary depth 
gage or a vernier depth gage, place a microm- 
eter depth gage over the slot and adjust the 
thimble until the contact of the spindle causes 
the ratchet stop to slip. Remove the microm- 
eter from the work and read the micrometer. 
Remember, If extension rods are used, the 
total depth reading will be the sum of the length 
of the rods plus the reading on the micrometer. 

SURFACE GAGE 

A surface gage Is a meaHuring tool generally 
used to transfer measurements to work by 
scribing a line, and to Indicate the accuracy or 
parallelism of surfaces. 

The surface gage (fig. 3-54) consists of a 
base with an adjustable spindle to which nuiy be 
clamped a scrlbor or an Indicator. Surface 
gages are made In several sl/,os and are classi- 
fied by the length of the spindle, the smallest 
spindle being 4 inches long, the average 9 or 12 
inches long and the largest IB Inches. The 
scriber Is fastened to tlie spindle with a clamp. 
The bottom and the front end of the base of the 
surface gage luive deep V- grooves cut In them, 
which allow the g^ige to he seated on a cylindri- 
cal surface. 




44.28 

Figure 3-56.— Surface plate. 



The spindle of a surface gage may be ad- 
justed to any position with respect to the base 
and tightened in place with the spindle nut. The 
rocket adjusting screw provides for the finer 
adjustment of the spindle by pivoting the spindle 
rocker bracket. The scriber can be positioned 
at any height and In anydesired direction on the 
spindle by tightening the scriber nut. The 
scriber may also be mounted directly in the 
spindle nut mounting, in place of the spindle, 
and used where the working space is limited and 
the height of the wcrk is within range of the 
scriber. 

To seta surface gage for height, first wipe 
off the top of a layout table or surface plate and 
the bottom of the surface gage. Use either a 
combination square or a rule with rule holder 
to get the measurement. A rule alone cannot be 
held securely without wobbling and consequently 
an error In setting generally results. Because 
a combination square is generally available, its 
use for setting a surface gage Is explained in 
this section. 

Place the squaring head of a combination 
square on a flat surface as shown in figure 
3-55, and secure the scale so that the end is in 
contact with the surface. Move the surface 
gage Into position and set the scriber to the 
approximate height required, using the adjusting 
clamp that holds the scriber onto the spindle. 
Make the final adjustment for the exact height 
required (4 1/2 inches In this case) with the 
adjusting screw on tlie base of the gage. 

SURFACE PLATE 

A surface plate provides a true, smooth, 
plane surface. It is a flat-topped steel or cast 
iron plate that Is heavily ribbed and reinforced 
on the under side. (See fig. 3-56.) It is often 
used in conjunction with a surface gage as a 
level base on which the gage and part to be 
measured are placed to obtain accurate meas- 
urements. The surface plate can also be used 
for testing [)arts that must have flat surfaces. 
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Figure 3-57.— Testing a 
surface for flatness. 




28.33 

Figure 3-58.— Using prusslan blue 
to aid In testing a fiat surface. 



To test a surface for flatness, carefully 
clean It and remove all burrs. Then place the 
surface of the object on a flat area such as the 
surface plate in figure 3-57. Any rocking mo- 
tion that is apparent will indicate a variance 
from flatness of the piece being tested. 

For very fine work, lightly coat the surface 
plate with Prussian blue (bearing blue) and move 
the piece being tested across the blue surface. 
(See fig. 3-58.) The low spots on the surface 
being tested will not take the blue; the hlgl\ 
spots will. See Insert In figure 3-58. 

To determine how much variation there is 
from flatness— and where It Is— you can Insert 
leaves of a thickness gage to determine the 
amount of variation of flatness. Remember to 
add the thickness of all leaves together to get 
the total variation. (See fig. 3-59.) 

A surface also may be tested for flatness 
with a straightedge. To do this, clean the sur- 
face thoroughly and hold the straii'.itedge on the 
surface in several places as you look toward 
a source of light. The light showing between 




44.95 

Figure 3-59.— Checking the conformity 
of a flat surface. 




Figure 3-60.— Thickness gages. 



the surface being tested and the strai^tedge 
will reveal Mir; low spots. 

Care of Surface Plates 

The surface plate should be covered when 
not in use to prevent scratching, nicking, and 
denting. It must be handled carefully to prevent 
warping (twisting). Never use the surface plate 
as an anvil or workbench— except for precision 
layout work (marking and measuring). 

THICKNESS (FEELER) GAGE 

Thickness (feeler) gages are used for check- 
ing and measuring small openings such as con- 
tact point clearances, narrow slots, etc. These 
gages are made In many shapes and sizes and, 
as shown In figure 3-60, thickness gages can be 
made with multiple blades (usually 2 to 26). 
Each blade Is a specific number of thousandths 
of an Inch thick. This enables the application of 
one tool to tK measurement of a variety of 
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Figure 3-61.— Screw pitch ^nge. 
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28.153A 

Figure 3-62.— Using a screw 
pitch gage. 

thicknesses. Some thickness gage blades are 
straight, while others are bent at 45xand 90 de- 
gree angles at the end. Thickness gages can 
also be grouped so that there are several short 
and several long blades together. Before using 
a feeler gage, remove any foreign matter from 
the blades. You cannot get a correct measure- 
ment unlesn the blades are clean. 

When using a feeler gage consisting of a 
number of blades. Insert various blades or 
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(NGN-FERROUS) 



X 

WIRE 



5.15 



Figure 3-63.— Using a wire gage to 
measure wire and sheet metal* 

combinations of blades between two surfaces 
until a snug fit Is obtained. The thickness of 
the individual blade or the total thickness of 
ALL THE BLADES USED is the measurement 
between the surfaces. 

Care of Thickness Gages 

Handle the blades with care at all times. 
Keep from forcing the blades into openings that 
are too small for them. Some blades are very 
thin and can be bent or kinked easily. Blade 
edges and polished surfaces are also easy to 
damage. When not using a thickness gage, keep 
It closed. 

THREAD GAGE 

Thread gages (screw-pitch gages) are used 
to determine the pitch and number of threads 
per Inch of threaded fasteners. (See fig. 3-61.) 
They consist of thin leaves whose edges are 
toothed to correspond to standard thread 
sections. 

To measure the unknown pitch of a thread, 
compare It with the standards of the screw 
pitch gage. Hold a gage leaf to the thread being 
measured (fig. 3-62), substituting various sizes 
until you find an exact fit. Look at the fit toward 
a source of light for best results. 

The number of threads per Inch Is Indicated 
by the numerical value on the blade which Is 
found to fit the unknown threads. Using this 
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wire fAf c 

(B.W.OT) or 
Stubs iron 

wjfc KB^Ct for 
iron wires, 

hot and cold 

rolled Khcct 
itcci 


American 
wire gage, or 

Brown & 
ofiftrpe \ior 
non'frrrous 

sheet snd 
wire) 


gage for sheet 

and plate 
iron mod it eel 


Steel wire 
Kagc, or the 

Wft M 
(Washburn 
ft Moen) 
for atcel 
wire 


0 


.340 


.3249 


.3125 


.3065 


1 


.300 


.2893 


.2812 


.2830 


7 


.284 


.2576 


.2656 


.2625 


3 


.259 


.2294 


.25(X) 


.2437 


4 


.238 


.2043 


.2343 


.2253 


5 


.220 


. 1819 


.2187 


.2070 


6 


.203 


. 1620 


.2031 


.1920 


7 


.180 


.1443 


. 1876 


. 1770 


8 


.165 


.1285 


.1718 


.1620 


9 


^148 


.1144 


.1562 


.1483 


10 


.134 


.1019 


.1406 


.1350 


11 


.120 


.0907 


.1250 


.1205 


12 


.109 


.0808 


.1093 


.1055 


13 


.095 


.0719 


.0937 


.0915 


14 


.083 




.0781 


.0800 


15 


.072 


.0570 


.0703 


.0720 


16 


.065 


.0508 


.0625 


.0625 


17 


.058 


.0452 


.0562 


.0540 


18 


.049 


.0403 


.0500 


.0475 


19 


.042 


.0359 


.0437 


.0410 


20 


.035 


.0319 


.0375 


.0348 


21 


.032 


.0284 


.a^i3 


.0317 


22 


.028 


.0253 


.0312 


.0286 


23 


.025 


.0225 


.0281 


.0258 


24 


.022 


.0201 


.0250 


.0230 


25 


.020 


.0179 


.0218 


.0204 


26 


.018 


.0159 


.0187 


.0181 


27 


.016 


.0142 


.0171 


.0173 


28 


.014 


.0126 


.0156 


.0162 


29 


.013 


.0112 


.0140 


.0150 


30 


.012 


.0100 


.0125 


.0140 


31 


.010 


.0089 


.0109 


.0132 


32 


.009 


.0079 


.0101 


.0128 


33 


.006 


.0071 


.0093 


.0118 


34 


.007 


.0063 


.0085 


.0104 


35 


.005 


.0056 


.0078 


.0095 


36 


.004 


.0050 


.0070 


.0090 



value as a basis, correct sizes of nuts, bolts, 
tap cutters, and die cutters are selected for 
use. 

WIRE g;vge 

The wire gage shown in fig. 3-63, is used 
for measuring the diameters of wires or the 
thickness of sheet metal. This gage is circular 
in shape with cutouts in the outer perimeter. 
Each cutout gages a different size from No.O to 
No. '36. Examination of the gage will show that 
the larger the gage number, the smaller the 
diameter or thickness. 

Gages similar to the one shown in figure 
3-63 are available for measuring a variety of 
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Figure 3- 64. -Small hole and 
telescoping gages. 



wires and sheet metals. The names of some 
common standard wire gages and their uses 
are given in the column headings of table 3-2. 
The body of this table contains gage numbers 
and their corresponding equivalents in decimal 
fractions of an inch. 

Wire diameters may also be expressed in 
mils as well as by gage numbers. One mil 
equals one thousandth of an inch. Each decimal 
equivalent in table 3-2 can be converted to mils 
by multiplying by 1,000. For example, the cir- 
cled decimal in the table is equivalent to .0640 x 
1000 or 64 mils. 

To use table 3-2, you select from the four 
gages listed in the table the one that applies to 
the sheet of metal or wire you want to gage. 
For instance, column 2 of the table tells you 
that the American Wire Gage shown in figure 
3-63 is the one to use for nonferrous sheet or 
wire. Notice that each of the four gages has its 
own decimal equivalent for a particular gage 
number. 

To measure wire size, apply the gage to the 
wire as shown in figure 3-63. Do not force the 
wire into the slot. Find the slot that refuses to 
pass the wire without forcing. Then, try the 
next larger slot until one is found that passes 
the wire. This is the correct size. Remember, 
your measurements are taken at the slot portion 
of the cutout rather than the inner portion of the 
gage. Now that you have the gage number turn 
your gage over and read the decimal equivalent 
for that number. 

To measure the gage of a piece of metal, 
first renwve any burr from the place where you 
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Figure 3-65.-U8ing a 
telescoping gage. 




44.29.1 

Figure 3-66.— Measuring the 
. diameter of a hole with a 
small hole gage. 



intend to apply the gage. Then select the ap- 
propriate gage for the metal to be measured. 

After the right gage has been selected, apply 
the gage to the wire, or to the edge of the sheet 
as shown in figure 3-63. The number opposite 
the slot that fits the wire or sheet is its gage 
lumber. The decimal equivalent Is stamped on 
the opposite face of the gage. 

TELESCOPING GAGE 

Telescoping gages are used for measuring 
the inside size of slots or holes up to 6 Inches 
In width or diameter. They are T-shaped tools 
In which the shaft of the T Is used as a handle, 
ar*^ the crossarm used for measuring. (See fig. 
3-64.) The crossarms telescope into each 
other aiKl are held out by a light spring. To use 
the gage the arms are compressed, placed In 
the hole to be measured, and allowed to expand. 
A twist of the iocknut on top of the handle locks 
the arms. The tool may then be withdrawn and 
the distance across the arms measured. 

These tools are commonly furnished In sets, 
the smallest gage for measuring the distances 
from 5/16 to 1/2 inch, and the largest for dis- 
tances from 3 1/2 to 6 Inches. 
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Figure 3-67.— Marking gages. 



To measure the diameter of a hole from 
1/2" to 6" In diameter, select from a set of 
telescoping gages the one whose range includes 
the size you need. Loosen the knurled nut at 
the end of the handle, and telescope the adjust- 
able end of the gage to a size slightly smaller 
than the hole and retlghten the nut. Insert the 
gage Into the hole as shown in figure 3-65, 
loosen the nut to permit the spring- loaded ad- 
justable end to expand to the hole diameter, and 
tighten the nut. The spring loaded contact of the 
adjustable end will assure proper contact. Make 
sure, however, that the gage is held with the 
telescoping end at right angles to the axis of 
the hole to measure the true, maximum diam- 
eter. Remove the gage and measure the setting 
with an outside micrometer caliper, 

SMALL HOLE GAGE 

For measuring smaller slots or holes than 
the telescoping gages will measure, small hole 
gages can be used. These gages come in sets 
of four or more and will measure distances of 
approximately 1/8 to 1/2 inch. 

The small hole gage (fig. 3-64) consists of a 
small, split, ball-shaped member mounted on 
the end of a handle. The ball is expanded by 
turning a knurled knob on the handle until the 
proper feel is obtained (the slight drag of the 
ball end on the sides of the hole). The gage is 
then withdrawn (fig. 3-66) and the size of the 
ball- shaped member on the end of the gage can 
be measured with an outside micrometer cali- 
per. On some types of small hole gages, the 
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Figure 3-68.— Using the marking gage. 




4.18 

Figure 3-69.-Settlng a divider 
to a desired radius. 



the ball Is flattened at the bottom near the cen- 
terllne to permit use In shallow holes and 
recesses. 

MARKING GAGES 

A marking gage Is used to mark off guide- 
lines parallel to an edge, end, or surface of a 
piece of wood or metal. It has a sharp spur or 
pin that does the marking. 

Marking gages (fig. 3-67) az o made of wood 
or steel. They consist of a graduated beam 




28.22.1 

Figure 3-70,-Scrlblng a circle 
with a divider. 




28.4K 

Figure 3-71. -Setting a divider 
with a vernier caliper. 

about 8 Inches long on which a head slides. The 
head can be fastened at any pdlnt on the beam 
by means of a thumbscrew. The thumbscrew 
presses a brass shoe tightly against the beam 
and locks It firmly In position. The steel pin 
or spur that does the marking projects from 
the beam about 1/16 inch. 

To draw a line parallel to an edge with a 
marking gage, first determine the distance the 
line must be from the edge of the stock. Adjust 
the marking gage by setting the head the de- 
sired distance fron) the spur. Although the bar 
of a marking gage is graduated At Inches^ the 
spur may work loose or bend. If this occurs^ 
accurate measurement should be made with a 
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Figure 3-72. -Plumb bobs. 29.256AX 



rule between the head and spur. (See fig. 
3-68A.) To draw a line after setting the gage, 
grasp the head of the gage with the palm and 
fingers as shown in figure 3-68B; extend tlie 
thumb along the beam towards the spur. Press 
the head firmly against the edge of the work to 
be marked, and with a wrist motion tip the gage 
forward until the spur touches the work. Push 
the gage along the edge to mark the work, keep- 
ing the head firmly against the edge of thework. 

DIVIDERS 

Dividers are useful instruments for trans- 
ferring measurements and are frequently used 
in scribing arcs and circles in layout work. 

To lay out a circle with a divider, set the 
divider at the desired radius, using a rule as 
shown In figure 3-69. Note that the 3-lnch 
radius being set here is being taken at a central 
portion rather than at the end of the rule. This 
reduces the chance of error, as each point of 
the dividers can be set on a graduation. 

Place one leg of the divider at the center of 
the proposed circle, lean the tool In the direc- 
tion It will be rotated, and rotate It* by rolling 
the knurled handle between your thumb and In- 
dex finger (fig. 3-70). 

Vernier calipers, which have two center 
points similar to prick punchmarks are par- 
ticularly useful In setting a divider to exact 
dimensions. One center point will be found near 
the zero end of the scale on the rule. The other 
point Is In line with the first and to the left of 
the zero on the vernier scale. (See fig. 3-71.) 




29*258 

Figure 3-73. -Plumb bob, 
cord, and target. 

Set and secure the desired setting on the 
vernier caliper and adjust the divider until 
both points readily enter the center points on 
the vernier caliper as shown In figure 3-71. 

PLUMB BOB 

A plumb bob (fig. 3-72) Is a pointed, tapered 
brass or bronze weight which Is suspended 
from a cord for determining the vertical or 
plumb line to or from a point on the ground. 
Common welglits for plumb bobs are 6,8, 10, 
12, 14, 16, 18, and 24 oz. 

A plumb bob Is a precision Instrument and 
must be cared for as such. If the tip becomes 
bent, the cord from which the bob Is suspended 
win not occupy the true plumb line over the 
point Indicated by the tip. A plumb bob usually 
has a detachable tip, as shown In figure 3-72, 
so that If the tip should become damaged It can 



109 

117 

o 

ERIC 



TOOLS AND THEIR USES 




Figure 3-74.— Locating a point 

with a plumb bob. 44.91 






44.92 

Figure 3-75.— Plumbing a structural 
member with a plumb bob. 

be renewed without replacing the entire 
Instrument. 

The cord from a plumb bob can be made 
more conspicuous, for observation purposes, 
by attacliment of a red-and- white target as 
shown In figure 3-73, 

The plumb bob Is used In carpentry to deter- 
mine true vertlcallty when erecting vertical up- 
rights and corner posts of framework. Survey- 
ors use It for transferring and lining up points. 

To locate a point which Is exactly below a 
particular point In space, when working ashore 
or on a ship In drydock, secure the plumb bob 
string to the upper point, such as A In figure 
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3-74. When the plumb stops swinging, the point 
as indicated at B in the illustration, will be ex- 
actly below A. 

To plumb a structural member, or an elec- 
trical conduit, as shown by figure 3-75, secure 
the plumb line A so that you can look at both the 
line and piece behind the line. Then, by sight- 
ing, line up the member or conduit with the 
plumb line. 

If this cannot be done, it may be necessary 
to secure the plumb line at some point such as 
B, and then measure the offset from the line to 
the piece at two places so that, for example, C 
and D In figure 3-75 are equal. If the distances 
between C and D are not equal, adjust the struc- 
tural member or conduit until they are. 

LEVELS 

Levels are tools designed to prove whether 
a plane or surface Is true horizontal or true 
vertical. Some precision levels are calibrated 
so that they will Indicate In degrees, minutes, 
and seconds, the angle Inclination of a surface 
In relation to a horizontal or vortical surface. 
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44.89 

Fif^ure 3-77. -Leveliiii^^ a bench. 



The level i;: a simple instrument consisting 
of a liqti ♦;'ich as alcohol or chloroform, 
I>artially ri..iiiK ^ glass vial or tube so that a 
bubble remains. The tube is mounted in a 
frame which may be aluminum, wood, or iron. 
Levels are equipped with one, two, or more 
tubes. One tube is built in the frame at riglit 
angles to another (fig. 3-76). The tube Indicated 
In figure 3-76 is slightly curved, causing the 
bubble to seek always the highest point in the 
tube. On the outsioe of the tube are two sets of 
graduation lines separated by a space. Leveling 
is accomplished when the air bubble Is centered 
between the graduation lines. 

To level a piece of equipment, such as the 
woriibench in figure 3-77, with a carpenter's 
level, set the level on the bench top parallel to 
the front edge of the bench. Notice that the 
level has several pairs of glass vials. Regard- 
less of the position of the level, always watch 
the bubble in the bottcnn vial of a horizontal 
pair. Shim or wedge up the end of the bench 
that will return that bubble to the center of Its 
vial. Recheck the first position of the level be- 
fore securing the shims or wedges. 

To plumb a piece of oquipment, such as the 
drill press shown in figure 3-78, place the level 





4.29 

Figure 3-78.— Plumbing a piece of 
equipment with a leveL 

on the side and on the front of the main column 
of the press. Figure 3-78 shows the level on 
the side. Use shims as necessary to bring the 
bubble In the lower vial of either pair of the 
horizontal vials to the center In each case. 

Levels must be checked for accuracy. Tills 
Is readily accomplished by placing the level on 
a true horizontal surface and noting the vial In- 
dication. Reverse the level end for end. If the 
bubble appears on one side of the graduations 
with referenceto the operator on the first read- 
ing and on the other side for the second reading, 
the 'evel is out of true and must be adjusted. 

Do not drop or handle a level roughly. To 
prevent damage, store It In a rack or other 
suitable place when not In use. 
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FASTENING COMPONENTS AND PROCEDURES 



This Chapter will discuss a variety of fas- 
tening devices and procedures so that you will 
be able to ide'itify, select, and use the proper 
fasteners on specific jobs. Your knowledge 
of these fasteners will also enable you to per- 
form assembly and disass inbly work accu- 
rately, swiftly, and safely v^ith proper tools. 
Furthermore, you will be abio to minimize the 
effects of ship and aircraft vibration on these 
fasteners by using several safetying methods. 

All fasteners are designed for one purpose- 
to attach components together securely. Some 
are used advantageously in woodworking. 
Others have special applications for fastening 
metal parts. Still others, are used to acceler - 
ate fastening and unfastening panels. Let's 
examine the distinctions between v^arious kinds. 

WOODWORKING FASTENERS 

Before the development of nail- making, 
screw-making and bolt- making machinery, 
wooden members were held together by various 
types of interlocking joints that were rein- 
forced with glue and wooden dowels. (A dowel 
Is a cylindrical pin which Is driven Into a hole 
bored to receive It, and which serves much the 
same purpose as a nail.) Glued joints and joints 
fastened with wooden dowels are now confined 
nulnly to furniture. 

NAILS 

Nails achieve their fastening or holding 
power when they displace wood fibers from 
their original position. The pressure exerted 
against the nail by these fibers, as they try to 
spring back to their original position, provides 
the holding power. 

The usual type of shank Is round, but there 
are various special-purpose nails with other 
types of shanks. Nails with square, triangular, 
longitudinally grooved and spirally grooved 
shanks have a much greater holding power than 
smooth round wire nails of the same size. 

The lengths of the most commonly used 
nails are designated by the PENNY system. 



The abbreviation for the word 'penny'' is the 
letter "d." Thus the expression "a 2d nail" 
means a two- penny nail. The penny sizes and 
corresponding length, and thicknesses (in gage 
sizes) of the common nails are shown in table 
4-1. The thickness of a nail Increases and the 
number of nails per pound decreases with the 
penny size. 

Nails larger than 20d are called spikes and 
are generally designated by their length In 
inches (such as 5 inches or 6 1/2 Inches); nails 
smaller than 2d are designated in fractions of 
an Inch Insteai oi In the penny system. 

Figure 4-1 shows the more common types of 
wire nails. The BRAD and the FINISH nail both 
have a deep countersink head that is designed to 
be "set" below the surface of the work. These 
nails are used for Interior and exterior trim- 
work where the nails are "set" and puttied to 
conceal their location. The CASING nail Is used 
for the same purpose, but because of Its flat 
countersink head, nruy be driven flush and left 
that way. 

The other nails shown In figure 4-1 are all 
flat-headed, without countersinks. One of these 
flat-headed nails (called the COMMON nail) Is 
one of the most widely used in general wood 
construction. Nails with large flat heads are 
used for nailing roof paper, plaster board, and 
similar tiiln or soft materials. DUPLEX or 
DOUBLE-HEADED nails are used for nailing 
temporary structures, such as scaffolds, which 
are eventually to be dlsnantled. V/hen using 
the double-headed nail It Is driven to the lower 
head so that it can be easily drawn at a later 
time. 



WOOD SCREWS 

Screws have several advantages over nails. 
They may be easily withdrawn at any time with- 
out Injury to the nruterlal. They also hold the 
wood more securely, can be easily tightened 
and, generally, are neater In appearance. 

Wood screws are designated by material, 
type of head (fig. 4-2), and size. 
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Table 4-1.— Common Nail Sizes 29.122 
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Most wood screws are made of steel or 
brass, but other metals are used as well. Cost 
or special purpose application will determine 
the selection of the material to be used. 

The size of an ordinary wood screw Is indi- 
cated by the length and body diameter (un- 
threaded part) of the screw. Figure 4-3 shows 
the nomenclature and the three most common 
types of wood screws. Notice that the length is 
always measured from the point to the greatest 
diameter of the head. 

Body diameters are designated by gage num- 
bers, running from O(for about a 1/16 in. diam- 
eter) to 24 (for about a 3/8-ln. diameter). 

Designation of length and gage number ap- 
pear as 1/4-9**. This means a No. 9> screw 
1 1/4 Inches long. 

As a general rule, the longth of a screw for 
holding two pieces of wood together should be 
such that the body extends through the piece 
being screwed down so the threaded portion 
will then enter the other piece. The wood screw 
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simply passes through the hole In the top piece 
and the threads take hold In the bottom piece. 
See figure 4-4. 

BOLTS 

A bolt Is distinguished from a wood screw 
by the fact that It does not thread Into the wood, 
but goes through and Is held by a nut threaded 
onto the end of the bolt. Figure 4-5 shows the 
four commoi. types of bolts used In woodwork- 
ing. STOVE bolts are rather small, ranging In 
length from 3/8 In. to 4 In., and In body diam- 
eter from 1/8 In. to 3/8 In. CARRIAGE AND 
MACHINE bolts run from 3/4 In. to 20 In. long, 
and from 3/16 In. to 3/4 In. In diameter. (The 
carriage bolt has a square section below the 
head, which Is Imbedded in the wood to prevent 
the bolt from turning as the nut Is drawn up.) 
The machine bolt hafi a hexagon or square head 
which is held wit)) i vronch to prevent it from 
turning. 
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BRAD 



FINISH NAIL 



CASING NAIL 



BOX NAIL 




ROOT BODY 
DIAMETER DIAMETER 

h LENGTH »«' 

FLATHEAD 



DIAMETEr; 
OF HEAD 




LENGTH _->H 
ROUND HEAD 



COMMON NAIL 



Mil IM 



niiiM 



SPIKE(LARGER THAN 60d) 



<3: 



DUPLEX HEAD NAIL 

29.121A 

Figure 4-1. -Nail varieties. 







FLAT HEAD ROUND HCAO OVAL HEAD PHILLIPS HEAD LAC 

29.1 23A 

Figure 4-2.— Woodscrew heads. 



LENGTH - 
OVAL HEAD 



29.123JH 

Figure 4-3.— Nomenclature and 
types of woodscrews. 




29.123G 

Figure 4-4.— Using a woodscrew 
to hold two pieces of wood 
together. 
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METAL FASTENING DEVICES 

Many mechanisms and devices are held to- 
gether with metal fasteners. Only the more 



commonly used fasteners will bedlscuseed here 
so you .vill know when, where, and how thoy 
should be used. For example, if a flat point 
setscrew Is used when specifications called for 
a cone point an Important Installation might fall 
at a crucial moment. 
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Table 4-2.— Screw Threads per Inch 

44.217 



MACHINE BOLTS 



STOVE BOLTS 

29.1 24X 
Figure 4-5.— Bolts. 




A BOLT GRIP LENGTH CORRECT 




B BOLT GRIP LENGTH TOO SHORT 




C BOLT GRIP LENGTH TOO LONG 

29.124<44B) 
Figure 4-6.— Correct and In- 
correct grip lengths. 
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.1900 
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32 


40 
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.2160 
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1/4" 


.2500 


20 


28 


36 




5/16 


.3125 


18 


24 


32 




3/8 


.3750 


16 


24 


32 




7/16 


.4375 


14 


20 


28 




1/2 


.5000 


13 


20 


28 




9/16 


.5625 


12 


18 


24 




5/8 


.6250 


11 


18 


24 




3/4 


.7500 


10 


16 


20 




7/8 


.8750 


9 


14 


20 




1 


1.0000 


8 


14 


20 



Metal parts can be fastened together with 
various fastening devices, such as rivets, bolts, 
screws, etc. Rivets provide a more permanent 
svpe of fastening whereas bolts and screws are 
u ed to fasten together parts that may have to 
be Ukea apart later. 

BOLTS 

When installing bolts, always be certain to 
install the bolt with its head in the direction of 
flight (in aircraft) or whenever possible, install 
it with the head UP. This way, if the nut has 
been improperly secured or Is shaken loose by 
vibration and falls off, the bolt will remain 
within the part and continue to retain its holding 
capability although the nut is missing. 

Be certain that the grip length of the bolt Is 
correct. The grip length is the length of the un- 
threaded portion of the bolt 8hank« Generally 
speaking, the grip length should equal the thick- 
ness of the material whirii ia t>eing bolted to- 
ge^^ Not more than ONE thread should bear 
or material, and the threaded portion of the 
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COMMON 




SQUARE 

SPECIAL 



PHILLIPS FLAT HEAD 
SPEC CCXJNTERSINK 



FLATHEAD 
SPANNER 



FLATH EAD 
OHE WAY SLOT 



FLATHEAD 
SIOESLOT 



Same for round, oval, ano fillister heads 
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(D 


■a- 




13" 




PHILLIPS BRAZIER 


PHILLIPSWASHER 


PYRAMID 


SPECIAL BINDING 


HEAD 


HEAD 


HEAD 


HEAD 


o 






(D 










HEXAGON HEAD 


HEXAGON 


TWIN HEAD 


CLOCK HEAD 



WASHER HEAD WRENCH TYPE 

29a23(44B) 

Figure 4-7 ♦—Machine screw and 
capscrew heads. 

shank should be showing through the nut* (See 
fig* 4-6A)* In figure 4-6B no threads from the 
bolt shank show through the nut extremity and 
too many threads are bearing on the material* 
In figure 4-6C the nut can't be threaded far 
enough to apply pressure on the material* 
Proper selection of bolt material is very 
important* It might even be VITAL* BE SURE, 
when required to replace bolts (or any type of 
astener) you select the type of material de- 
signed for the equipment* For instance, sup- 
pose a stainless steel bolt were replaced by an 
iron bolt in a high pressure system aboard a 
submarine* Fast erosion and galvanic action 
could cause the bolt to fail and result in an ex- 
plosion* Replace a bolt with one that has an 
Identical oart number only, or refer to bolt 
identification charts if the number Is missing* 

BIACHINE SCREWS 

The term ''machine screw" is the general 
term used to desigrate the small screws that 



are used in tapped holes for the assembly of 
metal parts* Machine screws may also be used 
with nuts, but usually, they are screwed into 
holes that have been tapped with matching 
threads* 

Machine screws are manufactured in a va- 
riety of lengths, diameters, pitches (threads per 
inch) , materials, head shapes, finishes and 
thread fits. A complete description of machine 
screws must include these factors* For exam- 
ple, "1/2 inch, 8-32, round head, brass, 
chromium- plated, machine screw*" The first 
number is the length of the screw. Let's ex- 
amine some of these other factors* 

Diameter and Pitch 

The diameters of American Standard machine 
screws are expressed in gage numbers or frac- 
tions of an inch as shown in table 4-2* In the 
preceding paragraph, the "8-32" means that the 
screw gage is No. 8 and that it has 32 threads 
per inch* Note, particularly, that the "ei^it" 
and "thirty-two" are two separate numbers, in- 
dicating two individual measurements; they are 
never to be pronounced "six- thirty- seconds" or 
written as a fraction such as 6/32* 

Materials and Finishes 

Most machine screws are made of steel or 
brass* They may be plated to help prevent cor- 
rosion. Other special machine screws made of 
aluminum or Monel metal are also obtainable* 
The latter metal is higjily resistant to the cor- 
rosive action of salt water* 

Head Shapes 

A variety of common and special machine 
screw head shapes are shown in figure 4-7* 
Some of the heads require special tools for 
driving and removing* These special tools are 
usually included in a kit that comes with the 
machine or installation on which the screws 
are used* 

Fits 

At onetime each manufacturer made as many 
threads per inch on bolts, screws, and nuts as 
suited his own particular needs* For example, 
one made 12 threads per inch on 1/2" bolts 
while another might put on 13 or 15 threads per 
inch* Thus the bolts of one manufacturer would 
not fit the nuts noade by another* 
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CUP 



CONE 



FLAT FULL DOG OVAL 

SETSCREW POINTS 



HANGER 



HALF DOG 




COMMON 
SQUARE 



\ 



SLOTTED 





ALLEN 



WING 



V V — 

HEADLESS THUMB 
Figure 4-8 Setscrews and thumb screws. 



KNURLED 
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29.1 23F 



The National Screw Thread Commission 
studied the problem and decided to standardize 
on a two-thread series, one called the NA- 
TIONAL COARSE THREAD SERIES (NC) and 
the other the NATIONAL FINE THREAD SERIES 
(NF), The SOCIETY OF AUTOMOTIVE ENGI- 
NEERS decided to standardize on some EXTRA 
FINE (EF) threads to be used in airplanes, 
automobiles, and other places where extra fine 
threads are needed. Table 4-2 shows the num- 
ber of threads per inch for NC, NF, and EF 
thread sizes up to 1 inch in diameter. Four 
classes of fits were also established by the Na- 
tional Screw Thread Commission, They are: 
Class I, loose fit; Class 11, free fit; Class III, 
medium fit; and Class IV, close fit. 

The loose fit is for threaded parts that can 
be put together quickly and easily even when the 
threads are slightly bruised or dirty, and when 
a considerable amount of shake or looseness is 
not objectionable. The free fit is for threaded 
parts that are to be put together nearly or 
entirely with the fingers and a little shake or 
looseness is not objectionable. This includes 
most of the screw thread work. The medium fit 
is for the higher grade of threaded parts where 
the fit is somewhat closer. The close fit is for 
the finest threaded work where very little shaken 
or looseness is desirable and where a screw- 
driver or wrench may be necessary to put the 
parts together. The manufacture of threaded 
parts belonging to this class requires the use of 
fine tools and gages. This fit should, there- 
fore, be used only when requirements are ex- 
acting or where special conditions require 
screws having a fine, snug fit. 



CAPSCREWS 

Capscrews perform the same functions as 
machine screws, but come in larger sizes for 
heavier work. Sizes range up to 1 inch in diam- 
eter and 6 inches in length, 

Capscrews are usually used without nuts. 
They are screwed into tapped holes, and are 
sometimes referred to as tap bolts. Threads 
may be either NF or NC, 

Capscrews may have square, hex, flat, but- 
ton, or fillister heads (fig, 4-7), Fillister heads 
are best for use on moving parts when such 
heads are sunk into counterbored holes. Hex 
heads are usually used where the metal parts 
do not move. 

The strongest capscrews are made of alloy 
steel, and can withstand great stresses, strains, 
and shearing forces, Capscrews made of Monel 
metal are often specified on machinery that is 
exposed to salt water. 

Some capscrews have small holes through 
their heads. A wire, called a SAFETY WIRE, 
is run through the holes of several capscrews 
to keep them from coming loose. 

SETSCREWS 

Setscrews are used to secure small pulleys, 
gears, and cams to shafts, and to provide posi- 
tive adjustment of mach parts. They are 
classified by diameter, thread, head shape, and 
point shape. The point shape is important be- 
cause it determines the holding qualities of the 
setscrew, 

Setscrews hold best if they have either a 
CONE POINT or a DOG POINT, shown in figure 
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SQUARE HEXAGONAL JAM CASTELLATED 




WING CAP THUMB STOP 

44.63 

Figure 4-9.— Common kinds of nuts. 




FLAT WASHER SPLIT LOCK SHAKE PROOF 
WASHER WASHER 



44.64 

Figure 4-10.— Washers. 




STEEL DOWEL PIN STEEL TAPER PIN 



44.65 

Figure 4-11.— Keys and pins. 



4-8. These points fit into matching recesses 
in the shaft against which they bear. 

HEADLESS SETSCREWS-slotted, Allen or 
Bristol types— are used with moving parts be- 
cause they do not stick up above the surface. 
They are threaded all the way from point to 
head. COMMON SETSCREWS, used on fixed 
parts, have square heads. They have threads 
all the way from the point to the shoulder of the 
head. 




STUD 
ASSEMBLY 




44.218 

Figure 4-12.— Caniloc fastener. 



THUMB SCREWS are used for setscrews, 
adjusting screws, and clamping screws. Be- 
cause of their design they can be loosened or 
tightened without the use of tools. 

NUTS 

SQUARE and HEXAGONAL nuts are standard 
but they are supplemented by special nuts. (See 
fig. 4-9.) One of these is the JAM NUT, used 
above a standard hex nut to lock it in position. 
It is about half as thick as the standard hex nut, 
and has a washer face. 

CASTELLATED nuts are slotted so that a 
safety wire or COTTER KEY may be pushed 
through the slots and into a matching hole In 
the bolt. This provides a positive method of 

18 
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preventing the nut from working loose. For 
example, you will see these nuts used with the 
bolts that hold the two halves of an engine con- 
necting rod together. 

WING NUTS are used where the desired de- 
gree of tightness can be obtained by the fingers. 
CAP nuts, are usedwhere appearance is an im- 
portant conBlderation. They are usually made 
of chromium ^plated brass. THUMB NUTS are 
knurled, so they can be turned by hand for easy 
assembly and disassembly. 

ELASTIC STOP NUTS are used where it is 
Imperative that the nut does not come loose. 
These nuts have a fiber or composition washer 
built Into them which is compressed auto- 
matically against the screw threads to provide 
holding tension. They are used extensively on 
radio , sound equipment , fire control equip- 
ment and on aircraft. 

WASHERS 

Figure 4-10 shows the types of washers 
used extensively throughout the Navy. FLAT 



WASHERS are used to back up bolt heads and 
nuts, and to provide larger bearing surfaces. 
They prevent damage to the surfaces of the 
metal parts. 

SPLIT LOCK WASHERS are used under nuts 
to prevent loosening by vibration. The ends of 
these spring-hardened washers dig Into both the 
nut and the work to prevent slippage. 

SHAKEPROOF LOCK WASHERS have teeth 
or lugs that grip both the work and the nut. 
Several patented designs, shapes, and sizes are 
obtainable. 



KEYS AND PINS 

COTTER KEYS (fig. 4- 11) are used to secure 
screws, nuts, bolts, and pins. They are also 
used as stops and holders on shafts and rods. 
SQUARE KEYS and WOODRUFF KEYS are used 
to prevent hand wheels, gears, cams and pulleys 
from turning on a shaft. These keys are strong 
enough to carry heavy loads if they are fitted 
and seated properly. 
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SAFETY METHODS SHOWN ARE FOR 
RIGHT HAND THREADS. LEFT HAND OPPOSITE. 




SAFETY WIRE OVER HEAD 




SAFETY WIRE AROUND HEAD 

TWIST METHODS 




SINGLE WIRE PLAIN 

12.245(44B)A 

Figure 4-14.— Safety wiring methods. 



TAPER PINS are used to locate and position 
matching parts. They are also used to secure 
small pulleys and gears to shafts. They usually 
have a taper of l/4-inch per foot. Holes for 
taper pins must be reamed with tapered ream- 
ers. 11 this is not done the taper pin will not fit 
properly. 

DOWEL PINS are used to position and align 
the units or parts of an assembly. One end of a 
dowel pin is chamfered^ and it is usually .001 
to .002 inch greater in diameter than the size of 
the hole Into which the pin will be driven. 



TURNLOCK FASTENERS 

Turnlock fasteners are used to secure in- 
spection plates , doors , and other removable 
panels on items of support equipment and air- 
craft. These fasteners are also referred to by 
such terms as quick-opening, quick-acting, and 
stress panel fasteners. The most desirable 
feature of these fasteners is that they permit 
quick and easy removal of access panels and 
doors for inspection and servicing. 

Turnlock fasteners are manufactured and 
sup- 'led by a number of manufacturers under 
various trade names. Some of the more com- 
mon trade names are theCamloc and Dzus (pro- 
nounced zoo's) types. 

CAMLOC FASTENERS 

Camloc fasteners are made in a variety of 
styles and designs. Regardless of the particu- 
lar style or shape, the Camloc fastener consists 
of a stud assembly, receptacle, and a grommet 
(fig. 4-12). 

The stud assembly consists of a stud, a cross 
pin, spring, and spring cup. The assembly is so 
designed that it can be quickly inserted into the 
grommet by compressing the spring. Once in- 
stalled in the grommet the stud assembly can- 
not be removed unless the spring is again 
compressed. 

The grommet is a flanged sheet-metal ring 
made to fit Into a hole in the access door or 
panel. It is ribbed and can be pressed or 
dimpled into place. 

The receptacle consists of a metal forging 
mounted in a stamped sheet metal. It is riveted 
to the access opening frame attached to the 
structure or equipment. 

A quarter turn clockwise of the stud screw 
locks the cross pin into the grooved receptacle. 
Conversely, a counterclockwise rotation re- 
leases the connection between the stud assembly 
and the receptacle. 

DZUS FASTENERS 

The Dzus fastener (fig. 4-13) consists of a 
rotatable stud, which may have a slot for a 
screwdriver, or a winged fitting on it for hand 
operation. It also has a permanently mounted 
spring and a grommet. The stud and grommet 
are mounted in the door or other removable 
part, and the spring is riveted to the frame of 
tho access on which the door Ilts. 
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STEP I 



STEP 2 




STEP 3 '^'^ 






STEPS 
FINAL TWIST 




STEP 7 



Figure 4-15.— Standard twist safety wire installation procedure. 



12.245(44B)B 




Figure 4-16.— Types of 

cotter pins. 44.65{44B)A 



Cams on the stud engage with the spring 
to lock the fastener in the engaged position. 
The purpose of the grommet Is to retain the 
stud In the access door. In some installations, 
the grommet Is not used as a retainer; the stud 
is secured to the access door by a snapring, 
cup washer, or by dimpling of the metal around 
the stud. 

The quick acting action of the Dzus fastener 
is achieved when a quarter turn rotation of the 




OPTIONAL 



PREFERRED 



44«65(44B)B 



Figure 4-17.— Cotter pin 
installations. 



stud causes its engagement or disengagement 
with the spring. 

SAFETYING METHODS 

Safetying is a process of securing fasteners 
and other equipment so they do not work loose 
due to vibration. Loose bolts, screws and nuts 
or other parts can ruin delicate equipment or 
endanger life when they fall off equipment. 

Various methods for safetying parts exist* 
The most widely used are safety wire and cotter 
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CONE ROUND TOP BUTTON 

UNIVERSAL HEAD COUNTERSUNK HEAD HcAO 



TRUSS 
HEAD 



AN456 



PAN FLAT TOP FLAT 

HEAD COUNTERSUNK HEAD HEAD 



TINNERS' 
RIVET 



11,292A 

Figure 4-18.— Some common types of rivets. 
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Figure 4-19,— Showing what is meant 
by "grip" of a rivet. 

Table 4-3.— Guide for Selecting Rivet 
Size for Sheet Metal Work 
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Rivet size 


Gage of 


(weight in pounds 


sheet metal 


per 1000 rivets) 


26 


1 


24 


2 


22 


2 1/2 


20 


3 


18 


3 1/2 


16 


4 



pins. Learn the proper techniques and USE 
them. YOUR LIFE may depend upon proper use 
of these techniques. 



nuts, and bolt heads which cannot be safetied by 
any other practical means. It is a method of 
wiring together two or more units in such a 
manner that any tendency of one to loosen is 
countered by the tightening of the wire an/, the 
other unit. Components are safety wired by the 
single wire olain method or the twist method 
(fig, 4-14), 

The single wire plain method may be used 
on small components in a closely spaced, 
closed geometrical pattern, and in places that 
are difficult to reach. When safety wiring 
closely spaced components, take advantage of 
safety wiring the whole series. The number of 
parts in the series safely wired together by this 
mechod depends upon the application; but the 
maximum number in the series is limited by a 
maximum 24 inch wire length. 

The twist method is the most common 
method of safety wiring. The technique is 
shown in figure 4-15, A group of three should 
be the maximum in the series when safety wir- 
ing widely spaced components by this method. 

The following general rules should be followed 
when using the safety wire method to secure 
components, 

• The safety wire must be new upon each 
application, 

» All safety wires must be tight after in- 
stallation, but not under such tension that 
normal handling or vibration will break 
the wire, 

• The wire must be applied so that all pull 
exerted by the wire tends to ti^ten the 
nut, 

• Twists should be tight and even and the 
wire between the nuts as taut as possible 
without overtwisting. Wire twister pliers 
should be used if available; otherwise, 
wire between nuts should be twisted with 
the hands. The use of regular pliers for 
twisting will damage the wire. Regular 
pliers may be used only for the final end 
twist prior to cutting off the excess wire. 

• When castellated nuts are to be secured, 
tighten the nut to the low side of the se- 
lected torque range , unless otherwise 
specified, and if necessary, continue 
tightening until a slot aligns with a hole. 



SAFETY WIRING 



COTTER PINS 



Safety wiring is the 
factory m*^*b '' 



^ost positive and satis- 
l cripscrews, studs, 



Some cotter pins are made of low-carbon 
steel, while others consist of stainless steel 
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Figure 4-20.— Drawing, upsetting, and heading a rivet, 11.295 



CORRECT RIVETING 




I. DRAWN 2. UPSET 3. HEADED 




RIVET NOT DRAWN SHEETS NOT DRAWN 

TROUBLES 

11.296 

Figure 4-21.— Correct and 
incorrect riveting. 



and thus are more resistant to corrosion. Re- 
gardless of shape or material, all cotter pins 
are used for the same general purpose— 
safetying. 

Dimension perimeters of a cotter pin are 
shown in figure 4-16. Whenever uneven prong 
cotter pins are used, the length measurement 
is to the end of the shortest prong. 

A cotter pin installation is shown in figure 
4-17. The cotter pin should fit neatly into the 
hole with very little sideplay. 

In the preferred installation method, the 
bent prong above the bolt end should not extend 
beyond the bolt diameter. Additionally, the bent 
prong should not rest against the surface of 
the washer. Cut the prongs down to size if 
necessary. 

If die optional wraparound method is used, 
the prongs should not extend outwards, but 
should be bent over a reasonable radius to the 



sides of the nut. Sharpangled bends invite 
breakage. Usually the initial bending of the 
prongs of a cotter pin is accomplished with 
needle nose or diagonal pliers and the best tool 
for final bending of the prongs is a soft faced 
mallet. 

RIVETS 

Rivets are used extensively as a fastening 
device in aircraft. They are also used to join 
metal sheet when brazing, welding, or locking 
techniques will not provide a satisfactory joint. 

RIVET TYPES 

The major types of rivets used extensively 
include the standard type and pop rivets. Stand- 
ard rivets must be driven using a bucking bar 
whereas the pop rivets have a self heading capa- 
bility and may be installed where it is impossi- 
ble to use a bucking bar. 

Standard Rivets 

Wherever possible, rivets should be made of 
the same material as Ihe material they join. 
They are classified by lengths, diameters, and 
their head shape and size. Some of the standard 
head shapes are shown in figure 4-18. 

Selection of the proper length of a rivet is 
important. Should too long a rivet be used, the 
formed head will be too large, or the rivet may 
bend or be forced between the sheets being 
riveted. Should too short a rivet be used, the 
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CLOSED-END TYPE 

HOLLOW-CORE TYPE 
DOMED HEAD 





SOLID-CORE TYPE 
COUNTERSUNK HEAD 




OPEN-END TYPE 

DOMED HEAD 




Figure 4-22. -Pop rivets. 



11.292 



formed head will be too small or the riveted 
material will be damaged. The length of the 
rivet should equal the sum of the thickness of 
the metal plus 1 1/2 times the diameter of the 
rivet, as shown in figure 4-19. 

When using tinner's rivets, refer to table 
4-3 as a guide for selecting rivets of the proper 
size for the different gages of sheet metal. 

The riveting procedure for the standard type 
of rivet involves three operations: drawing, 
upsetting, and heading as shown in figure 4-20. 
The sheets are drawn together by placing the 
deep hole of the rivet set over the rivet and 
striking the head of the set with a hammer. 
Upon removal of the set, the end of the rivet Is 
struck lightly to upset the end of the rivet. 
Finally, the heading die (dished part) of the 




MANDREL 



BLIND 
SIDE 



11.374 

Figure 4-23.— Pop rivet tools. 



( 1 ) INSERT POP RIVET 



(2) APPLY RIVETER NOSEPIECE FLUSH 
WITH STRUCTURE BEING RIVETED. 

(3) GRIPPING MECHANISM GRASPS 
MANDREL, BRINGS PARTS TOGETHCR 
AND CLI.NCHES RIVET ON BLIND SIOC. 
FURTHER RETRACTION REMOVES 
MANDREL. 




(4) COMPLETED RIVET. SET. 



11.292 

Figure 4-24.— Setting pop rivets. 



rivet set forms the head of the rivet when the 
hammer again strikes the head of the rivet set. 
The results of correct and Incorrect riveting 
are shown In figure 4-21. 

Pop Rivets 

Pop rivets (fig. 4-22) have two advantages 
compared to standard rivets in that they can be 
set by one man and also be used for blind fas- 
tening. This means that they can be used where 
there is limited or no access to the reverse 
side of the work. 
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Operation is simple. Drill holes in the parts 
to be riveted together and align the holes. In- 
sert the pop rivet (a hollow rivet assembled on 
a solid mandrel) and set it with a pop riveter 
(fig. 4-23) using the procedure shown in figure 
4-24. 

There are two basic designs for pop rivets: 
closed-end and open-end (fig. 4-22). The 
closed-end type rivet fills the need for blind 
rivets which seal as they are set. They are 
gas and liquid ti^t, when used properly, since 
a high degree of radial expansion provides ex- 
cellent hole*filling characteristics and the 
mandrel head is within the core of the rivet 
body. 

The open-end type is not liquid-tight because 
the mandrel head which remains in the rivet 
body Is not enclosed within that body as is the 
closed-end type. This obviously leaves room 
for possible seepage of liquid or gas. 

Pop type rivets discussed in this chapter 
have a variety of general purpose applications. 
Naval Aviation Maintenance activities utilize 
more sophisticated types of pop rivets. They 
are usually of higher strength alloys than com- 
mon pop type rivets and include either friction 
or mechanical lock features which will ensure 
that they will not fail under vibration of the air- 
craft and Its structure. 



RIVET SELECTION 

The following rules govern the selection and 
use of rivets in making a repair: 

1. Replacements must not be made with 
rivets of lower strength material unless they 
are larger than those removed. 

2. When rivet holes become enlarged, de- 
formed, or otherwise damaged, use the next 
larger size as replacement. 

3. Countersunk head rivets are to be re- 
placed by rivets of the same type and degree 
of countersink. 

4. Rivets selected for specific applications 
must always be of the type recommended In the 
repair manual for that particular equipment. 
Rivets are available In a variety of metals and 
alloys having specific shear strength and hard- 
ness characteristics. Selection of the wrong 
alloy/type rivet could produce hazardous re- 
sults. Rivets common to aircraft and aero- 
space equipment application are Identified by 
head or shank markings. In all cases, choose a 
rivet that Is capable of meeting the load and 
holding requirements to which It will be 
subjected. 
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CHAPTER 5 

GRINDING OPERATIONS 



To keep hand tools in the best usable condi- 
tion, cutting edges must be sharpened frequently 
and certain other tools trued or shaped for 
fecial purposes. Chisels, punches, drills, 
tinsnlps, screwdrivers, and other hand tools are 
shaped or sharpened on an abrasive grinding 
wheel. 

Grinding may be defined as the act of shap- 
ing or wearing down a surface or sharpening an 
edge by means of the cutting action of thousands 
of abrasive grains on the surface of the grind- 
ing wheel. Excessive grinding shortens the 
useful life of a tool. 

A variety of grinding machines are in use in 
the Navy. Many of them are special machines 
used in tool and die making or machines used 
for other special purposes. The bench grinder, 
explained in chapter 2 of this text, is the type 
of grinder found in general use in the Navy. 
Nearly all mechanical shops in shore installa- 
tions or aboard ship will have a bench grinder. 

GRINDING SAFETY 

The grinding wheel is a fragile cutting tool 
which operates at high speeds. Great emphasis 
must be given, therefore, to the safe operation 
of bench and pedestal grinders. Observance of 
safety precc^ations, posted on or near all 
grinders used in the Navy, is mandatory for the 
safety of the operator and the safety of person- 
nel in the nearby vicinity. 

What are the most common sources of in- 
jury during grinding operation? Hazards lead- 
ing to eye injury caused by grit generated by 
the grinding process are the most common and 
the most serious. Abrasions caused by bodily 
contact with the wheel are quite painful and can 
be serious. Cuts and bruises caused by seg- 
ments of an exploded wheel, or a tool 'Tcicked'' 
away from the wheel are other sources of in- 
jury. Cuts and abrasions can become infected 
If not protected from grit and dust from 
grinding. 

Safety In using bench and pedestal grinders 
Is primarily a matter of using common sense 
and concentrating on the job at hand. Each time 



you start to grind a tool, stop briefly to con- 
sider how observance of safety precautions and 
the use of safeguards protect you from injury. 
Consider tho complications that could be caused 
by your 1o5jS of sight, or loss or mutilation of 
an arm or hand. 

Some guidelines for safe grinding practices 
are: 

1 . Read posted safety precautions before 
starting to use a machine. In addition to re- 
freshing your memory about safe grinding prac- 
tices, this gets your mind on the job at hand. 

2. Secure all loose clotliing and remove 
rings or other jewelry. 

3. Inspect the grinding wheel, wheel guards, 
the toolrest, and other safety devices to en- 
sure they are in good condition and positioned 
properly. Set the toolrest so that it is within 
1/8 inch of the wheel face and level with the 
center of the wheel. 

4. Transparent shields, if installed, should 
be clean and properly adjusted. Transparent 
shields do not preclude the use of goggles as 
the dust and grit may get around a shield. 
Goggles, however, provide full eye protection. 

5. Stand aside when starting the grinder 
motor until operating speed is reached. This 
prevents injury if the wheel explodes from a 
defect that has not been noticed. 

6. Use light pressure when starting grind- 
ing; too much pressure on a cold wheel may 
cause failure. 

7. Grind only on the face or outer circum- 
ference of a grinding wheel unless the wheel Is 
specifically designed for side grinding. 

8. Use a coolant to prevent overheating the 
work. 

9. Wear goggles and respiratory filters to 
protect your eyes and lungs from Injury by grit 
and dust generated by grinding operations. 

GRINDING WHEELS 

A grlnaing wheel Is composed of two basic 
elements: (I) the abrasive grains, and (2) the 
bonding agent. The abrasive grains may be 
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compared to niany single point tools embedded 
In a toolholder of bonding agent. Each of these 
grains extracts a very small chip from the ma- 
terial as it makes contact on each revolution of 
the grinding wheel. 

An ideal cutting tool Is one that will sliarpen 
itself when it becomes dull. This, in effect, is 
what happens to the abrasive grains. As the in- 
dividual grains become dull, the pressure that 
Is generated on them causes them to fracture 
and present new sharp cutting edges to the 
work. When the grains can fracture no more, 
the pressure becomes too great and they are 
released from the bond, allowing new sharp 
grains to be presented to the work. 

SIZES AND SHAPES 

Grinding wheels come in various sizes and 
shapes. The size of a grinding wheel is given 
in terms of its diameter In Inches, the diam- 
eter of the spindle hole, and the width of the 
face of the wheel. The shapes of all grinding 
wheels are too numerous to list in this manual, 
but figure 5-1 shows most of the more fre- 
quently used wheel shapes. The type numbers 
are standard and are used by all manufacturers. 
The shapes are shown in cross-sectional views. 
The specific job will dictate the shape of wheel 
to be uf ed. 

WHEEL MARKINGS AND 
COMPOSITION 

Grinding wheel iiuirklngs are comprised of 
six sections. Figure 5-2 Illustrates the stand- 
ard marking and possible variations. The fol- 
lowing Information breaks the marking down 
and explains each section. This information 
should be studied carefully as it will be Invalu- 
able in making the proper wheel selection for 
each grinding job you will attempt. 

Kind of Abrasive 

The first section on the wheel marking 
(reading from left to right) shows the abrasive 
type. There are two types of abrasives: natu- 
ral and manufactured. Natural abrasives, such 
as emery, corundum, and diamond, are used 
only in honing stones and in special types of 
grinding wheels. The common manufactured 
abrasives are aluminum oxide ard silicon car- 
bide. They have superior qualities and are 
more economical than natural abrasives. 













mm 


TYPE 1 


STRAIGHT 






TYPE 1 


CUT.OFF 



TYPE 2 



CYLINDER 





TYPE 6 STRAIGHT CUP 



TYPE 5 RECESSED ONE SIDE 





TYPE 7 RECESSED TWOSlDE 



TYPEU FLARING CUP 



TYPE 12 



DISH 



T>PE13 SAUCER 

28.310 

Figure 5-1 —Grinding wheel shapes. 



Aluminum oxide (deslgnatsd by the letter A) 
is used for grinding steel and steel alloys, and 
for heavy duty work such as cleaning up steel 
castings. Silicon carbide (designated by the 
letter C), viMch Is harder but not as tough ap 
alumhv.-iJi oxide, Is used mostly for grinding 
nonferrous metals and carbide tools. The abra- 
sive In a grinding wheel comprises about 40 
percent of the wheel. 

Grain Size 

The second section on the grinding wheel 
marking Is the grain size. Grain sizes range 
from 10 to 600. The size Is determined by the 
size of mesh of a sieve through which the grains 
can pass. Generally speaking, they are rated 
as follows: Coarse: 10, 12, 14, 16, 20, 24; 
Medium: 30, 36, 46, 54, GO; Fine: 70, 80, 90, 
100, 120, 150, 180; and Very Fine: 220, 240, 
280, 320, 400, 500, 600. Grain sizes flnsr than 
(240) are generally considered flour- Generally 
speaking, fine grain wheels are preferred for 
grinding hard materials, as they have mojre 
cutting edges and will cut faster than coarse 
grain wheels. Coarse grain wheels are gen- 
erally preferred for rapid metal removal on 
softer materials. 
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•-Hmanufacturer's 

RECORD 
SYMBOL 



28.311 

Figure 5-2.— Standard marking sysiem for grinding wheels 
(except diamond). 



Grade (Hardness) 

Section three of the wheel marking is the 
grade or hardness of the wheel. As shown in 
figure 5-2, the grade is designated by a letter 
of the alphabet; grades ran from A to Z or soft 
to hard. 

The grade of a grinding wheel is a measure- 
ment of the ability of the bend to retain the 
abrasive grains in the wheel. Grinding wheels 
are said to have a soft to hard grade. This 
does not mean that the bond or the abrasive is 
soft or hard; it means that the wheel has a large 
amount of bond (hard grade) or a small amount 
of bond (soft grade). Figure 5-3 illustrates a 
magnified portion of a soft grade and a hard 
grade wheel. You can see by the illustration 
that a part of the bond surrounds the abrasive 
grains and the remainder of the bond forms 
Into posts that both hold the grains to the wheel 
and hold them apart from each other. The 
wheel having the larger amount of bonding ma- 
terial has thick bond posts and will offer great 
resistance to pressures generated in grinding. 
The wheel having the least amount of bond will 
offer less resistance to the grinding pressures. 
In other words, the wheel with a large amount 



of bond is said to be a hard grade and the wheel 
with a small amount of bond is said to be a soft 
grade. 

Structure 

The fourth section of the grinding wheel 
marking is the structure. The structure Is 
designated by numbers from 1 to 15, as Illus- 
trated in figure 5-2. The structure of a grind- 
ing wheel refers to the open space between the 
grains, as shown In figure 5-3. Grains that are 
very closely spaced are said to be dense; when 
grains are wider apart, they are said to bo 
open. Generally speaking, the metal removal 
will be greater for open-grain wheels than for 
close-grain wheels. Also denso or close- grain 
wheels will nornially produce a finer finish. 
The structure of a grinding wheel comprises 
about 20 percent of the grinding \\rtieel. 

Bond Type 

The fifth section on the grinding wheel 
marking is the bond type. The bond comprises 
the remaining 40 percent of the grinding wheel 
and is one of the most important parts of the 
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ABRASIVE 
GRAIN 

BOND 
COATING 



OPEN SPACE 



BOND POST 



WHEEL A 




WHEEL B 

28,312 

Figure 5- 3, —How Ixmd affects the grade of 
the wheel, Wlieel A, S(/' »r; 
Wheel B, harder. 



whe^l. The Ixjnd determines the strength of the 
wheel. The 6 basic types of bonds are con- 
sidered in this chapter. 

VITRIFIED bond, designated by the letter V, 
Is not affected by oil, acid, or water. Vitrified- 
bonded wheels are strong and porous, and rapid 
temperature c^ianges have little or no effect on 
them. Vitrified wheels sliould not be run In 
excess of 6500 surface feet per minute. 

SILICATE bonded wheels are designated by 
the letter S. Silicate tx)nded wheels are used 
mainly for large, slow rpm machines where a 
cooler cutting action Is desired. Silicate bonded 
wheels are said to be softer than vitrified 
wheels as they release the grains more readily 
than the vitrified bonded wheels. This wheel, 
like the vitrified bonded wheel. Is not to be run 
In excess of 0500 surface feet per minute. 

RUBBER bonded wheels, designated by the 
letter R, are strong luvi elastic. They are used 



for the manufacture of thin cutoff wheels and 
are used extensively for regulating wheels on 
centerless grinders. Rubber bonded wheels 
produce a high finish and can be run at speeds 
up to 16,000 surface feet per minute, 

RESINOID bonded wheels are designated by 
the letter B and are shock resistant and strong. 
They are used for rough grinding and cutoff 
wheels, Resinoid wheels also can be run at 
speeds up to 16,000 surface feet per minute, 

SHELLAC bonded wheels, designated by the 
letter E, give a high finish and have a cool cut- 
ting action when used as cutoff wheels. Shellac 
bonded wheels can be run up to 12,500 surface 
feet per minute, 

OXYCHLOREDE bonded wheels are desig- 
nated by the letter O, They are not to be run 
at speeds greater than 6,500 surface feet per 
minute. 

Manufacturer's Record 

The sixth section on the grinding wheel 
marking Is the manufacturer's record. This 
may be a letter or number, or both. It Is used 
by the manufacturer to designate bond modifi- 
cations or wheel cliaracterlstics, 

SELECTING AND USING 
THE WHEEL 

The selection of grinding wheels for preci- 
sion grinding can be discussed generally In 
terms of such factors as the physical properties 
of the material to be ground, the amount of 
stock to be removed (depth of cut), the wheel 
speed and work speed, and the finish required. 
Selection of a grinding wheel having the proper 
abrasive, grain, grade, and bond Is determined 
by considering one or more of these factors. 

An aluminum oxide abrasive Is most suitable 
for grinding carbon and alloy steel, high speed 
steel, cast alloys and malleable iron. A silicon 
carbide abrasive Is most suitable for grinding 
nonferrous metals, nonmetalllc materials, and 
cemented carbides. 

Generally, the softer and more ductile the 
material being ground, the coarser the grain 
selected should be. Also, If a large amount of 
material Is to be removed, a coarse grain wheel 
Is recommended (except on very hard mate- 
rials). If a good finish Is required, a fine grain 
wheel should be used. 

For soft materials, small depth of cut, or 
high work speed, use a soft grade wheel. If the 
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Table 5-1.— Recommendations for Selecting Grinding Wheels 

28,253,0 





WHEEL DESIGNATION 
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5 
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Reamers 




A 


60 
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8 


V 
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machine you are using Is worn, a harder grade 
may be necessary to help offset the effects of 
wear of the machine. Using a coolant also per- 
mits the use of a harder grade of wheel. 

Table 5-1 lists recommended grinding 
wheelo for various operations. 

Before you perform these operations, you 
should be able, however, to Install and drees 
the wheels properly, whenever required. 

INSTALLING THE WHEEL 

The wheel of a bench or pedestal grinder 
must be properly Installed; otherwise accidents 
may occur and the wheel will not operate 
properly. Before a wheel Is Installed, It should 
be Inspected for visible defects and ''sounded** 
by tapping lightly with a piece of hard wood 
to determine whether It has Invisible cracks. A 
good wheel gives out a clear ringing sound 
when tapped, but If the wheel Is cracked a dull 



thud Is heard. The following information on 
mounting the wheel should be more readily 
understood If the reader refers to figure 5-4. 

Ensure that the shaft and flanges are clean 
and free of grit and old blotter material. Place 
the Inner flange In place and follow It with a 
blotter. NOTE, the blotter thickness for paper 
must be no thicker than .025 Inch and no thicker 
than .125 inch for leather or rubber. The blot- 
ter is used to ensure even pressure on the 
wheel, and to dampen the vibration between the 
wheel and shaft when the grinder Is In opera- 
tion. Next mount the wheel, and ensure that it 
fits on the shaft without play. A .002 to .005 
Inch clearance should be provided. This may 
be accomplished by scraping or reaming the 
lead bushing In the center of the wheel. NEVER 
FORCE THE WHEEL ON THE SHAFT. Forcing 
the wheel on the shaft may cause the wheel to 
crack when placed In operation, or cause the 
wheel to be slightly out of axial alignment. 
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28.62(28D) 

Flgiire 5-4.— Method of mounting a 
grinding wheel. 



The next item is another blotter and then the 
outer flange. NOTE the flanges are recessed 
so they provide an even pressure on thJ wheel. 
The flanges should be at least one-third the 
diameter of the wheel. Next, Install the washer 
and secure the nut. Tighten the securing nut 
sufficiently to hold the wheel firmly; tightening 
too much may damage the wheel. 

TRUING AND DRESSING 
THE WHEEL 

Grinding wheels, like other cutting tools, re- 
quire frequent reconditioning of cutting sur- 
faces to perform efficiently. Dressing Is the 
term used to describe the process of cleaning 
the periphery of grinding wheels. This cleaning 
breaks away dull abrasive grains and smooths 
the surface so that there are no grooves. 
Truing Is the term used to describe the re- 
moval of material from the cutting face of the 
wheel so that the resultant surface runs abso- 
lutely true to some other surface such as the 
grinding wheel shaft. 




28.63 

Figure 5-5.— Using a grinding 
wheel dresser. 



The wheel dresser shown in flgore 5-5 Is 
used for dressing grinding wheels on bench a^d 
pedestal grinders. To dress a wheel with this 
tool, start the grinder and let It come up to 
speed. Set the wheel dresser on the rest as 
shown In figure 5-2 and bring It In firm contact 
with the wheel. Move the wheel dresser back 
and forth across the face of the wheel until the 
surface Is clean and approximately square with 
the sides of the wheel. 

If grinding wheels get out of balance because 
of out-of-roundness, dressing the wheel will 
usually remedy the condition. A grinding wheel 
can get out of balance by being left sitting with 
part of the wheel Immersed In the coolant; if 
this happens, the wheel should be removed and 
dried out by baking. H the wheel gets out of 
balance axially. It probably will not affect the 
efficiency of the wheel. This unbalance may be 
remedied simply by removing the wheel and 
cleaning the shaft spindle and spindle hole In 
the wheel and the flanges. 

Each time that a wheel Is dressed It Is nec- 
essary that you check the clearance between the 
tool rest and the wheel. Reestablish the clear- 
ance at 1/16-lnch as required. Adjustments 
must be made with the machine secured to pre- 
clude possible Injury to the operator. 

GRINDING METAL STOCK 

To grind a straight edge on metal stock 
(figure 5-6A) adjust the tool rest flo that It Just 
clears the wheel and Is approximately at the 
center line of the wheel. Then, keeping the edge 
of the stock parallel with the center line of the 
grinder shaft, pass the stock across the face of 
the wheel. Grind across the entire width of the 
piece, using that pressure which will keep the 
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44.124 

Figure 5-6A.--Grlndlng a straight 
edge on metal stock. 




44.125 

Figure 5-6B.— Grinding a 
bevel on metal stock. 



wheel cutting but will not appreciably decrease 
its speed. Grinding across the entire width of 
the piece and the wheel wears the wheel evenly 
and helps prevent overheating. 

To grind a bevel on an edge, (figure 5-6B), 
hold the stock as shown so that It Is resting 
both on the wheel and on the edge oi the tool 
rest. The edge being ground is away from the 
tool rest and therefore Is not liable to get caught 
between the tool rest and the wheel. Pass the 
stock across the face of the wheel just as you 
do when grinding a square edge. 

To grind a rounded edge, set the tool rest at 
the center line of the wheel. With one hand, 
hold the end of the stock being ground so that 
you can move it from left to right, across the 
face of the wheel, as shown by the small double- 
headed arrow In figure 5-7, and also hold It 
down firmly on the tool rest. With the other 




44.126 

Figure 5-7.— Grinding a rounded 
edge on metal stock. 




44.127 

Figure 5-8.— Dressing a center punch 
with a bench grinder. 

hand swing the arc shown by the longer curved 
double-headed arrow at the opposite end of the 
stock. The motion Indicated by the curved ar- 
row will produce the rounded edge on the stock. 
The travel Indicated by the short straight 
double-headed arrow will prevent the wearing 
of a groove in the wheel which would have to be 
removed by dressing. 
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A B CD 

1.14.1A 

Figure 5-9.— Shapes of screwdrivers when 
properly dressed. 




1.14, IB 

Figure 5- 10. -Checking 
the squareness of 
the end of a 
screwdriver, 

CENTER PUNCH 
SHARPENING 

To sharpen a center punch, cradle the end 
of the punch between the Index finger and thumb 
of one handy as shown In figure 5-8, resting 
that hand on the tool rest of the grinder. Move 
the punch Into light contact with the rotating 
wheel of the grinder with the center line of the 
punch forming about a 45° angle with the face of 
the wheel. This will give the approximate 90° 
Included angle required for a center punch. 
With the thumb and Index finger of the other 




1.14.1C 

Figure 5-11.— Grinding a screwdriver 
tip with a bench grinder. 




44.128 

Figure 5-12.— Sharpening snips on 
a grinder. 



hand rotate the punch as shown by the direc- 
tional arrow in figure 5-8. Keep the point cool 
by using only light pressure on the wheel and 
by frequently dipping the punch In a can of cool- 
ing water. Sharpen a prick-punch In the same 
way with the exception that, since the Included 
angle shouJid be 30° rather than 90°, the angle 
between the center line of this punch and the 
wheel should be about 15''. 

SCREWDRIVER TIP 
DRESSING 

Figure 5-9, parts A andC are the front views 
of a properly dressed screwdriver; 5-9B and 
5-9D are the side views. 
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A B 

Figure 5-13.-Good 
and bad shaped 
chisel heads. 



29,9K 




29 XL 



Figure 5-14.— Grinding a chisel head 
with a bencli pn^lndex\ 



60* 



44.129 

Figure 5-15.— Proper angle for 
general use cold chisel. 




44.130 

Figure 5- 16.— Sharpening a chisel 
with a grinder. 



To dress a common screwdriver, dress the 
sides so that the blade Is symmetrical In shape. 
Then, square off the end. Check the squareness 
of the end by resting the tip on the handle of a 
trysquare and moving the shank of the screw- 
driver close to the blade of the square. If the 
blade and the shank appear to bo parallel, the 
tip Is square. See figure 5-10. 

On the common screwdriver, grind the faces 
of the blade so that they are parallel or nearly 
parallel at the tip as shown at D and D In figure 
5-0. The thickness of the blade at the tip should 
be such that the tip will Just enter the slot of the 
screws you Intend to turn. With such a tip 
thickness, and the sides parallel or nearly so, 
the screwdriver will have the least tendency to 
climb out of the screw slot when the screw Is 
being turned home. 



The screwdriver shown In figure 5-9D has 
been ground by resting It flat against the grind- 
ing wheel. A 6-lnch wheel produces about the 
right grind on a screwdriver used for small 
screws. Hold the blade high on the circumfer- 
ence of the wheel and rest the shank on the tool 
rest. See figure 5-11. 

When grinding a screwdriver, do not let the 
tip get too hot or the temper will be drawn. 
Overheating Is discussed later In the section on 
sharpening metal-cutting chisels. 

TIN SNIPS 
SHARPENING 

To sharpen tin ships on a grinder, open the 
snips as shown In figure 5-12, resting the 
blade on the tool rest. Hold level the handle of 
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A B 

44.131 

Figure 5-17.— Two cutting edge 
shapes of cold chisels. 




40. o7 



Figure 5-18.--M ^Mtal alertness * 
vital f' safety. 



the blade being ground anc» thon r otatr the other 
blade at whatever angle in necessary to grind 
the cutting edge to an included angle of 80'' to 
85 ^ Holding the blade lightly againat th« ro- 
tating wheel, move it fronri left to right across 
the face of the wheel. Sharpen first one blade of 
the snips and then the other. While sharpening 
one blade, be careful to keep the other blade 
from coming Into contact with the side of the 



40.67 

Figure 5- 19. -Eliminate potential 
hazards. 

DRILL POINT LIP CHISEL EDGE 

ANGLE CLEARANCE ANGLE 

ANGLE 

CUTTING LIP 




44.20S 

Figure 5-20.— Specifications for 
grinding a regular point 
twist drill. 



wheel. Sharpening tin snips requires close and 
careful attention; improper techniques may re- 
sult In wrecking the snips or even in serious 
personal injury. 

CHISEL HEAD GRINDING 

In figure 5-13A you will see a properly 
ground chisel head. Keep it that way by frequent 
grinding before it begins to mushroom as shown 
In figure 5-13B. 

Never use a chisel whose head has been al- 
lowed to mushroom. You> or others, can be 
Injured by chips or metal flying off the head 
when it is hammered. 

Remove the ragged edges of such a head by 
grinding them off. One way to do this Is to hold 
the head against the wheel as shown in figure 
5-14. 
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44.20T 

Figure 5-21.— Specifications for grinding 
a flat point twist drill. 



Turn the chisel with one hand as you apply 
pressure with the other. Grind across the en- 
tire face of the wheel to keep it flat. 

SHARPENING METAL- 
CUTTING CHISELS 

Metal-cutting chisels are sharpened by 
grinding. These chisels are designed to cut 
cold metal, so the general term "cold chisel" is 
often used. The angle of 60°, shown on the cold 
chisel In figure 5-15, Is for a general-use cold 
chisel. Increase this angle somewhat for cut- 
ting harder metals and decrease It for those 
that are softer. 

To sharpen a metal-cutting chisel, hold the 
chisel to the wheel, resting It on the tool rest. 
(See fig. 5-16.) Notice that the index finger, 
curved beneath the chisel, rides against the 
front edge of the tool rest. This affords good 
control of the chisel and will help you to grind 
a single, equal bevel on each side. 

Let the chisel rest only lightly agiilnst the 
wheel when grinding. Less heat will be devel- 
oped and, because the speed of the wheel is re- 
duced only slightly, the air currents created by 
the wheel will have the maximum cooling effect. 
If the temperature of the cutting edge rises to 
Uio i>olnt where the metal begins to turn blue in 
color,, the temper lias bf^en drawn, tho cutting 
ff^hr^^i tos l)cen softened, and the edge will not 
Bfz.'V\ up in use. The cutting edge v;lli have to 
be rehardened, drawn to the proper temper 
^ 'dness), and the sharpening continued. As 
Aong as you can touch the cutting edge you are 
grinding with your bare hand and keep It there, 
you are In no danger of drawing the temper. 
Notice that It Is the temperature of the cutting 
edge that Is Important. This means the very 
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RESULT OF CORRECT LIP GRINDING 

44.20(44B) 

Figure 5- 22. -Grinding drill Hps 
correctly. 
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44.20W 

Figure 5-24.— Three steps for grinding 44.132 
a twist drill with a giinder. Figure 5-26, -Grinding a iwlst drill with 

a grinder (final p<v ltlon). 



tip of the chisel where the bevel Is being ground. 
The chisel at a fwlnt an Inch or less from the 
cutting edge may be cool, wh Je the cutting edge 
itself tiurne blue from overheating. Check this 
carefully while grinding. 

Figure 5-17A shows a cold chisel ground 
With a slight curvature, and figure 5-17B shows 
a straight cutting edge. Both types of edges are 
used. The curved cutting edge Is ground by 
swinging either end of the chisel slightly from 



left lo right as the two faces of the cutting edge 
are being ground. 

For shearing metal in a ' ise ;he <;hl'^ei with 
the stralg^lt edge may be - • j(:t«r ' he chisel 
with the curvature will pr'^iyxlly ' Iv^'ter 
when you are cutting metal n a /, .v . 

Be sure you are alert wt t-i .^-r. (fig. 

5-18). After you have ct mpl i^^y of 

the tools, remove any iX)i}filbiiliy /';rig<; " 
from slipping or tripping (fig 5-19). 
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44,20AA.l 



Figure 5-27,— Grinding 
a twist drill for 
brass. 





B 



44,20BB,I 
Figure 5- 28,- Thinning the web 
of a twist drill. 




44,20 Z 

Figure 5-29, -Sharpening a twist drill 
with a tool grinder. 



HAND SHARPENING 
TWIST DRILLS 

The following requirements are of greatest 
importance in twist-drill grinding: (1) equal 
and correctly sized drill-point angles, (2) equal- 
length cutting lips, (3) correct clearance behind 
the cutting lips, and (4) correct chisel-edge 
angle. All four are equally important when 
grinding either a regular point (fig, 5-20), which 
is used for general purposes, or a flat point 
(fig, 5-21) which is used for drilling hard and 
tough materials. 

Figure 5-22 shows the results of correct 
lip grinding and how equa' drill point angles and 
two equal length cutting lips help achieve cor- 
rect drill results. 

Figure 5-23 shows a drill being checked 
during grinding. The drill-point gage is being 
held against the body of the drill and has been 
brought down to where the graduated edge of the 
gage is in contact with one cutting edge. In this 
way, both the drill-point angle and the length of 
the cutting edge (or lip) are checked at the 
same time. The process is repeated for the 
other side of the drill. 

Lip clearance behind the cutting lip at the 
margin is determined by inspection. This 
mears that you look at the drill point and ap- 
proximate the lip-clearance angle (see f^gs, 
5-20B and 5-21B),or compare it to the same 
angle that has been set up on a protractor. The 
lip-clearance angle is not necessarily a def- 
inite angle, but must be within certain limits. 
Notice that In figure 5-206 this angle ranges 
from B** to 12° and that the range given In fig- 
ure 5-21B Is 6'' to9\ Whatever angle In the 
range Is used, however. Up clearance should 
be the same for both cutting lips of the drill. 

There must be Up clearance behind the en- 
tire length of the cutting Up which extends from 
the margin of the drill to the chisel edge. This 
means that there must be "relief" behind the 
cutting lip along Its entire length. 

When Up clearance Is being "ground Into" a 
drill, the lip-clearance angle anrj the chisel 
edge angle (shown at C In figs, 5-20 and 5-21) 
win be your guide to the amount of clearance 
you have ground Into the drill behind the cutting 
Up along Its entire length. The greater these 
angles are, the more clearance there will be 
behind thoir respective ends of the cutting Up, 
Too much Up clearance, which occurs when both 
the Hp-clearance angle and the chlsel-edge 
angle exceed their top llr.ilts, weakens the 
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cutting edge or lip by removing too much metal 
directly behind it. Too little or no lip clear- 
ance, prevents the cutting edge from producing 
a chip, or cutting, and the drill will not drill a 
hole. 

To SHARPEN TWIST DRILLS, first get the 
grinder ready. If necessary, di'ess the face of 
the wheel so that it is ciean, a true circle, and 
square with the sides. Before starting the 
grinder, reaijust the tool rest to 1/16" or less 
from the face of the wheel. This is an im- 
portant safety measure which will help keep 
work from wedging between the tool rest and 
the face of the wheel. 

After starting the grinder and letting it come 
up to speed, you can begin grinding the drill 
point. Hold the twist drill as shown in figure 
5-24A, which is a top view of the first step in 
grinding a drill. The axis of the drill, in the 
first step, should make an angle of about 59° 
(half of the drill-point angle) with the face of 
the wheel as shown in fig. 5-27A. The cutting 
Hp should be horizontal. Figure 5-25 is an 
actual photograph, side view, of the same drill 
position which is shown in figure 5-24A. 

The actual grinding of the drill point con- 
sists of three definite motions of the shank of 
the drill while the point is held lightly against 
the rotating v/heel. These three motions are: 
(1) to the left, (2) clockwise rotation, (3) down- 
ward. 

Figure b-24 shows the motion to the left in 
three views as the angle between the face of the 
wheel and the drill decreases from about 59 ' to 
about 50°. 

In figure 5-24 the clockwise rotation is indi- 
cated by the advance of the rotation arrows in 
A, B, and C. Rotation is also pictured by the 
change in position of the cutting lip as well as 
that of the tang. 

Because figure 5-24 is a top view, the third 
(downward) motion is not noticeable. However, 
all three motions are apparent when an actuiil 
photograph of the firuil position of the drill in 
figure 5-2G is compared to the initial position 
in figure 5-25. All three motions taking place 
at the same time combine to. produce the im- 
portant requirements mentioned before (1) equal 
and correctly sized drill-point angles, (2) equiil- 
length cutting lips, (3) correct clearance behind 
the cutting lips, and (4) correct chisel-edge 
angle. Checking by means of a drlll-i>oint 
gage, figure 5-23, and by inspection will show 
when these four requirements liavo boon nujt. 



SHARPENING A TWIST DRILL 
FOR DRILLING BRASS 

To grind a drill for drilling brass hold the 
cutting lip against the right side of the wheel 
as shown in figure 5-27. Grinding the flute 
slightly flat, in line with the axis of the drill, 
greatly reduces the included angle of the cutting 
lip. This will give the drill a scraping action, 
necessary for brass, rather than the cutting ac- 
tion used for steel. This scraping action will 
prevent the tendency, that invariably occurs with 
drills not ground for brass, to stick in the hole 
being drilled. This sticking is troublesome 
especially when drilling through a pilot hole. 

THINNING THE WEB OF 
A TWIST DRILL 

Repeated sharpening, which shortens the 
drill, or the fact that the remaining length of a 
brokendrill has been resharpened, results in an 
increase in the web thickness at the point. This 
may require v/eb thinning. Correct web thin- 
ning, when it becomes necessary, is important 
for satisfactory drillinK. 

To thin the web of a drill, hold the drill 
lightly to the face of a round-faced wheel, as 
shown in figure 5- 28 A, and thin the web for a 
short distance behind the cutting lip and into 
the flutes. This is shown in figure 5-28B. 
Notice that the cutting lip is actually (but only 
slightly) ground back, reducing its included 
angle only a very little and not enough to affect 
the operation of the drill. 

SHARPENING TWIST DRILL 
BY MACHTNE 

Sharpening a twist drill by hand is a skill 
that is mastered only after much practice and 
careful attention to the details. Therefore, 
whenever possible, use a tool grinder in which 
the drills can be properly positioned, clamped 
in place and set with precision for the various 
angles. This machine grinding (fig. 5-29) will 
enable you to sharpen the drills accurately. As 
a result, they will last longer and will produce 
more accurate holes. 

Whether you are sharpening a drill by hand 
or by machine, it is very necessary that the 
temperature at the point be kept down. As the 
point gets hot, it approaches the temperature at 
wliich the temper of the steel will be drawn. 
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Keep the point cool enough to be held in your 
bare hand. Do this by making a few light passes 
over the grinding wheel. Take a few seconds to 
let the point cool and repeat alternate grinding 
and cooling. 

Once you notice the appearance of a blue 
temper color at the point, it is too late. You 
have drawn the temper and the steel is now too 
soft to hold a cutting edge. Then the only thing 
you can do is to continue the sharpening proc- 
ess, first one Up and then the other, until you 



have finally ground away the soft tip of *^he drill. 
This means that you must grind away all that 
portion of the tip which is blue. As the blue 
color indicates softness throughout the entire 
point of the drill, and not ciuy on the blue sur- 
face, resharpening must bj continued until all 
of the blue-colored metal hasbeen ground away. 
This operation must be done very slowly and 
carefully, keeping the point cool to prevent con- 
tinual bluing cI the metal. 




FORESIGHf IS 
BETTER THAN 

■ MtS'SIGHTr 




L d 




USE EYE PROTECTION 



140 



CHAPTER 6 

METAL CUTTING OPERATIONS 



Many handtools and power tools have been 
designed for the specific purpose of cutting 
metals quickly and accurately. This chapter 
will describe some metal cutting operations that 
can be performed with chisels, drills, taps, 
dies, reamers, and pipe and tubing cutters. 



METAL CUTTING WITH CHISELS 

When struck with a heavy hammer, a cold 
chisel is capable of cutting metal. With chisel 
and hammer, you can cut wires, bars, rods and 
other shapes of met?l and also cut off the heads 
of rivets and bolts. 



CUTTING WIRE OH ROUND STOCK 

Mark off a guideline on the stock and place 
the work on the top face of an anvil or other 
suitable working surface. Place the cutting edge 
of the chisel on the mark in a vertical position 
and ligtitly strike the chisel with a hammer. 
Check the chisel mark for accuracy. Continue 
to strike the chisel until the cut is made. The 
last few blows of the hammer should be made 
lightly to avoid damage to the anvil, supporting 
surface, or to the chisel. 

Heavy stock is cut in the same manner ex- 
cept that the cut is made halfway through the 
stock; the work is then turned over and the cut 
finished from the opposite side. 



CUTTING OFF A RIVET 
OR BOLT HEAD 

Hold the work in a heavy vise or secure it 
acme other way so that the work will not move. 
(See fig. 6-lA.) Hold the cold chisel with one 
face of the bevel flat on the surface of the job. 
Strike the head of the chisel with the hammer 
as you loosely hold and guide the chisel. 

To cut off a rivet head with a cape chisel, 
select a chisel of about the same size as the 
diameter of the rivet. Cut through the center of 



the rivet head, holding one face of the bevel flat 
on the surface of the job, and then sever the 
center of the head from the shank or body, as 
shown in figure 6- IB. 

To cut off a rivet head with a side cutting 
chisel, place the chisel nearly flat on the sur- 
face of the work with its single bevel upwards. 
Drive the cutting edge under the edge of the 
rivet head just as you would if you v;ere using 
a cold chisel. (See fig. 6-2A). Notice In figure 
6-2B that the cutting edge of the chisel has a 
slight radius v/hich will tend to prevent the 
corners from cutting undesirable grooves in the 
surface of the work. 

To remove a rivet head (fig. 6-3) when there 
is not room enough to swing a hammer with 
sufficient force to cut the rivet, first drill a 
hole about the size of the body of the rivot in 
and almost to the bottom of the rivet head. Then 
cut off the head with a cold chisel. 




B 

29.95 

Figure 6-1.— Cutting off a rivet head 
with a chisel 
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29, 9T 



Figure 6-2.— Cutting off a rivet head 
with a side cutting chisel. 



DHILUZD HOLE 




ROUND HEAD RIVET 

29 .9 U 



Figure 6-3.— Removing a rivet 
head in a hard to reach position. 




1.25 

Figure 6-4.— Holding small pieces 
In a vise for drilling. 



METAL CUTTING WITH DRILLS 

In drilling any metal ^ there are several gen- 
eral steps to be followed. First, mark the 




11.38 



Figure 6-5.— Holding work with 
a drill press vise. 




44.140 



Figure 6-6.— Holding work 
in V-blocks. 



exact location of the hole. Second, secure the 
work properly. Then, use the correct cutting 
speed and appropriate cutting oil or other 
coolant, where applicable. Finally, apply prrs- 
sure on the drill properly. It 13 assumed that 
you have selected the correct drill size. 

LOCATING THE HOLE 

The exact location of the hole must be 
marked with a center punch. The punch mark 
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44.141 

Figure 6-7.— Holding work to drill 
holes In the end of round stock. 




11.15X 

Figure 6-8.— Step block and clamps. 



forms a seat for the drill point, thus ensuring 
accuracy. Without the punch mark, the drill 
may have a tendency to 'Valk off" before It be- 
gins to cut Into the metal. 

HOLDING THE WORK 

Most work is held for drilling by some me- 
chanical means such as a vise or clamps. It Is 
MANDATORY that the work be WELL SE- 
CURED. If not, the work or stock may rotate 
at high speed or fly loose, and become a high 
speed projectile endangering all personnel 
within range. Various securing procodures are 
discussed in the following paragraphs. 

When drilling In small pieces wltn a hand 
held drill, it Is best to hold the work In a vise 
80 that the axis of the drill is horizontal (fig. 
6-4). This position provides better control of 
the drilling operation and will tend to ensure a 
hole which win be square with the surface of the 
work. 

When drilling In small pieces with a drill 
press, hold the work either In a drill press 
vise (fig. 6-5), or between V-blocks (fig. 6-6). 
CAUTION: BE SURE TO FASTEN THE DRILL 
PREIS VISE OR V-BLOCK TO THE DRILL 
PRESS TABLE. 




MACHINE TABLE 

28.231 

Figure 6-9.— Holding work with step 
block and clamp for drilling. 




44.140B 

Figure 6-10.— Holding thin gage metal 
for drilling. 



When using a drill press to drill holes In the 
end of round stock, place the stock In one of the 
V-grooves In the stationary jaw of the drill vise 
as shown In figure 6-7. These V-grooves will 
hold the work perpendicular to the table of the 
drill press. The drilled hole will then be paral- 
lel with the axis of the round stock. 

Drilling holes In large pieces can be ac- 
complished by holding the work with a step block 
and clamps (fig. 6-8). (A piece of metal of suit- 
able size, with a hole drilled near on;? end 
makes a suitable substitute for a clamp.) 

When holding work with step blocks and 
clamps, you may use a gooseneck clamp as 
shown in figure 6-9. Notice that the body of the 
clamp Is approximately parallel with the sur- 
face of the drill press table and that the bolt is 
held close to the work rather than close to the 
step block. This setup provides the most 
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Table 6-L-Drlll Speeds in RJ>.M 

44»207 



•IM 




Amm^»4 






Iran 
•OMJM. 




40MJM. 


Vi^ IHo, 53 to 80) 


18330 


855- 


61 11 


5500 


4889 


3667 


3445 


% irtO. 42 to 9aJ 


13213 


5703 


4071 


3666 


3358 




I04y 




01 




JU90 






■ OtM 


1333 


• 


7338 




3444 


3198 


1954 


1465 


977 




6106 


3853 




1833 


1630 


1332 


815 




5334 


3444 


1745 


19/9 


1396 


1047 


698 


(A to E) 


4575 


3139 


1537 


1375 


1332 


917 


61 1 


H^(Gto)0 


4071 


1900 


1356 


1323 


1084 


814 


543 




3660 


1711 


1333 


1100 


978 


733 


489 


%(OtolO 


3330 


1554 


1110 


1000 


888 


666 


444 


H (S. T, U) 


3050 


1436 


1018 


917 


815 


611 


407 


%(V toZ) 


3818 


1316 


939 


846 


753 


563 


i"6 




2614 


1323 


873 


786 


698 


534 


'j49 




3443 


1140 


814 


733 


633 


488 


336 




2387 


1070 


764 


688 


6U 


458 


306 




ym 


950 


678 


611 


,'43 


407 


371 


H 


1830 


856 


611 


550 


489 


367 


344 




1665 


777 


555 


500 


444 


333 


332 


H 


1535 


713 


509 


458 


407 


306 


304 
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favorable mechanical advantage. Usually, two 
or more clamps are used on each setup. 

If you are required to hold thin metal, place 
it on a block of wood to provide support directly 
beneath the intended hole. This support will 
also help minimize drill breakage when the feed 
pressure is applied. Secure the C-clamp as 
shown in figure 6- 10 and drill through the metal 
and into the wood. Stop drilling when wood 
chips appear to avoid damage to the drill table. 

SPEED INFORMATION 

The correct cutting speed for metal drilling 
depends upon the type of metal and its prop- 
erties plus the diameter and type of uriil (high 
speed or carbon). See Table 6- 1. 

DRILLING HINTS 

It is necessary to use a cutting oil to lubri- 
cate and cool the drill when drilling steel and 



wrou^t iron. Cast iron, aluminum, brass and 
other soft metals may be drilled dry, althou^ 
at high drilling speeds it is advisable to use 
some mediumto cool these metals. Compressed 
air, water, and lard oil are examples of such 
cooling media. Be sure to use goggleswhenever 
you use compressed air. 

Always apply pressure on a line which goes 
strai^t through the axis of the drill. (Side 
pressure will enlarge the hole and can break 
the driU.) 

Keep the drill steady and apply enough pres- 
sure to keep it cutting. Too much pressure will 
overload the motor; too little pressure will 
merely cause the drill to "polish" instead of 
cut. This will quickly dull the cutting edges of 
the drill. You will know the pressure is correct 
when the drill bites continuously without over- 
loading the drill motor. 

When drilling large holes, do it in stages. A 
pilot hole is a good idea, since it serves as a 
guide for the larger drill and helps to increase 
accuracy. 
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-MAJOR DIA. 
-MINOR DIA.--* 



CREST 



ROOT 




28.148{44B)A 



Figure 6- 11. -Thread 
terminology. 




28,148(44B)B 



Figure 6-12.-Tap 
drill size 
determination. 



THREADS AND THREAD CUTTING 

Threads are helical ridges cut Into screws, 
nuts, bolts, or the walls of a hole, so that the 




44.145 

Figure 6-13.— Proper size drilled 
hole for tapping. 




44.1 45A 



Figure 6- 14.— Oversize drilled hole 
for tapping. 



action of turning the screw, nut, or bolt gives It 
endwise as well as rotary motion. 

Many thread types exist. These types Include 
bolt threads, machine screw threads and pipe 
threads. Before we proceed with descriptions 
of thread cutting procedures, we must become 
familiar with the terminology to be used. 

THREAD TERMINOLOGY 

Refer to figure 6- 11 and note that the outside 
diameter of a thread is known as the MAJOR 
DIAMETER. The diameter across the roots of 
the thread is called the MINOR DIAMETER. 
The PITCH is defined as the distance from any 
point on the thread of a screw to the correspond- 
ing point on an adjacent thread. It Is usually 
measured from crest to crest and is expressed 
by a specific quantity of threads per inch. 
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44.145B 

Figure 6- 15.— Undersize drilled 
hole for tapping. 

TAP DRILL DETERMINATION 

If a threaded hole is to be made in a piece of 
metal, a hole of suitable size must first be 
drilled. The hole must be somewhat smaller 
than the size of the bolt to be screwed into it. 

How do you determine how much smaller to 
drill this hole? Figure 6-12 shows the system 
used for figuring this. The resultant thread is 
known as a "75% thread" because the diameter 
of the hole is 75% of the difference between the 
major and minor diameters, subtracted from 
the major diameter. 

When the tap hole is the right size, it is a 
little larger than the root diameter of the tap as 
shown in figure 6-13. The tap will cut a thread 
in the work which is only 75 percent as deep as 
the thread on the tap. The other 25 percent of 
the depth of thread on the tap provides clear- 
ance between the tap hole and the root diameter 
of the tap. (See fig. 6-14.) This makes tapping 
easier. 

If the tap drill selected is oversize, the tap 
hole will be oversize, and the tap can cut only 
shallow threads in the work. (See fig. 6-14.) 
With less than a full 75 percent depth of thread, 
stud or capscrew threads usually strip. 

If the tap drill selected is undersize, tne tap 
hole will be undersize, being perhaps equal to 
the root diameter of the tap as shown in figure 
6-15. Then there will be no clearance, and the 
tap wiU turn hard, tear the threads, and prob- 
ably break. 

The best method to determine the exact size 
of tap drill to use is to refer to Table 6-2. A 
chart similar to this generally is included with 
a set of taps and dies. Let's see how this table 
is used. 



The working drawing shown in figure 6-16 
specifies a 1/2 in. 13 National Coarse (NC) 
thread to be tapped in a through hole in one part 
(1/2 in. deep hole in 1/2 in. stock). The same 
thread is to be tapped in a blind hole in another 
part (3/4 in. deep hole in 1 In. stock). The 1/2 
in. round stock is to be threaded with this same 
thread to fit the tapped holes. 

Refer to Table 6-2 and run down the first 
two colunms until you locate 1/2—13 N.C. Fol- 
low this line to the right until you come to the 
tap drill size, 27/64 in. which will produce ap- 
proximately a 75 percent full thread. Use the 
27/64 in. drill to drill a through hole in the 1/2 
in. block and a hole 3/4 in. deep in the 1-in. 
block as required by the working drawing. 

CUTTING MACHINE THREADS 
WITH TAPS 

A 50-50 mixture of white lead and lard oil, 
applied with a small brush. Is highly recom- 
mended as a lubricant when tapping in steel. 
When using tbis lubricant, tighten the tap In the 
tap wrench and apply the lubricant to the tap* 
Start the tap carefully with its axis on the cen- 
ter line of the hole. The tap must be square 
with the surface of the work, as shown in figure 
6-17. 

To continue tapping, turn the tap forward 
two quarter turns, back it up a quarter turn to 
break the chips, and then turn forward again to 
take up the slack* Continue this sequence until 
the required threads are cut. After you cut for 
the first 2 or 3 full turns, you no longer have to 
exert downward pressure on the wrench. You 
can tell by the feel that the tap is cutting as you 
turn it. Don^t permit chips to clog the flutes or 
they will prevent the tap from turning. When 
the tap won't turn and you notice a springy feel- 
ing, stop trying immediately. Back the tap up a 
quarter turn to break the chips, clean them out 
of the flutes with a wire as shown In figure 6- 18, 
add some more lubricant, and continue tapping* 
When the tap has cut threads through the hole, 
the tap will turn with no resistance. 

To tap a blind hole, start with the taper tap* 
For a blind hole you will need all three types— 
the taper, plug, and bottoming taps. Be sure 
they are the size and thread series you need, 
and that the tap hole Is the size called for by 
the working drawing and Table 6-2* 

Begin with the taper tap. Handle It as de- 
scribed and shown before* Figure 6-19A shows 
the taper tap just starting to cut. In figure 
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Table 6-2.— American National Form Threads 



(Thread and Tap Drill Sizes) 
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6-19Bit has cut a little farther. In figure 6-19C 
It has bottomed in the hole after having cut sev- 
eral full threads near the top of the hole. This 
completes the work to be done with the taper tap. 

In figure 6- 20 A the plug tap has entered the 
few full threads cut by the taper tap. At figure 
6-206 It has continued these threads a little 
farther down into the hole. At figure 6-20C 
it has bottomed in the hole. This is all the work 
that you can do with the plug tap. It has cut full 
threads : it halfway down the tap hole before 
bottomrat^ 
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In fig re 6-21 the bottoming tap has been 
substituted for the plug tap. In figure 6-21A 
it has been run down the full threads cut by the 
plug tap and Is ready to cut more full threads. 
In figure 6-2 IB It has cut a few more threads, 
and In figure 6-21C It has bottomed In the hole. 
The blind hole has now been completely tapped. 

Because these threads are being tapped In a 
blind hole, chip removal must be done differ- 
ently. To remove chips, back the tap com- 
pletely out of the hole very frequently. Invert 
the stock. If possible, and jar out the chips or 
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Figure 6-16.— A working drawing for tapping 
and cutting threads. 




CHIPS 
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Figure 6-18.— Using a wire to 
clear chips from flute 
of a tap. 




44.146 

Figure 6-17.— Using a square to ascertain 
a tap is square with the work. 



work them out of the hole with a wire while the 
stock Is In the inverted position. If the work 
cannot be Inverted, blow out the chips with air. 
Whenever you use air, BE SURE TO USE 
SAFETY GOGGLES. Chip removal In tapping 
blind holes Is much more difficult to do and Is 
very important because chips will fall ahead of 
the tap through the flutes and accumulate in the 
bottom of the blind hole. Until these chips are 
removed, none of the three taps can complete 
Its work. In tapping blind holes alternate with 
tapping and chip removal until each of the three 
taps bottom in the blind hole. 




Figure 6- 19.— Tapping a blind hole with 
a taper tap. 



When you have finished using the three ta^ . 
brush the chips out of their teeth, oil them well 
with lubricating oil, wipe off the surplus oil, 
and replace them in the threading set. 

CUTTING MACHINE THREADS 
WITH DIES 

To cut threads on a piece of round stock, 
first grind a chamfer on the end of the rod as 
shown in the working drawing In figure 6-16. 
Then hold the rod vertically In the vise to cut 
the threads. The working drawing in figure 
6-16 calls for a 1/2-13N.C.-1 thread. The 1/2 
signifies diameter and the 13 the number of 
threads per Inch. The figure 1 after the N.C. 
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Figure 6-20. -Tapping a blind hole 
with a plug tap. 
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Figure 6-21.— Finish tapping a blind 
hole with a bottoming tap. 




11.5.4A 



Figure 6-22.— Assembling an 
adjustable round split die 
to diestock. 




11.5.4B 

Figure 6-23.— Assembling a plain 
round split die to diestock. 
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44.149 

Figure 6-24.— Position of diestock in relation 
to chamfer on end of work. 




11,5.40 

Figure 6-25.— Cutting outside threads 
on round stock. 
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indicates that a class 1 fit is required. A class 
1 fit is a loose fit. The fit is controlled while 
threading the round stock. We tap the threads 
in the hole first as there is no way to adjust a 
tap. However, as threading dies are usually 
adjustable, we can control the fit of the threaded 
rod in the tapped hole by adjusting the threading 
die. 

The adjustable round split die shown in fig- 
ure 6-22 has an adjusting screw at A. By 
tightening this screw and spreading the die 
slightly, It will cut less deeply into the rod and 
the fit in the tapped hole will be tighter. The 
shallow hole at B is placed in the die stock op- 
posite the adjustable handle E and serves as a 
drive hole. Also, when the adjustable handle is 
tightened, it holds the split die together and 
against the adjusting screw to maintain the set- 
ting while the die is cutting. The threads or 
cutting teeth of the die are chamfered or re- 
lieved at C to help start the die squarely on the 
round stock. The die is put into the die stock 
with the face with the unchamfered teeth against 
the shoulder, D. 

Figure 6-23 is a plain round split die and 
die stock. At A, where the die is split, there is 
no adjusting screw. There are shallow holes at 
B and C, on both sides of the split, opposite 
which there are setscrews in the die stock at D 
and E. F isthe adjusting screw which is pointed 
and enters the split A in the die. D and E are 
the holding setscrews. They have flat points 
and are tightened after the setting is made with 
F. D and E hold the adjustment and furnish the 
drive as they enter the shallow holes B and C 
shown in figure 6-23. 

Figure 6-24 shows a section of the die in 
the die stock and its relation to the chamfer on 
the end of the work. The taper on the face of 
the die will accept the chamfer on the end of the 
work to start the threads square with the com- 
mon center line. 

To thread the work, brush some 50-50 white 
lead and lard oil on the rod. Start the die square 
with the work. Hold one handle with each hand, 
apply downward pressure, and turn clockwise 
until you feel the thread has been started. When 
the die has started to cut, rotate the die stock 
two quarter turns, back it off one quarter curn 
to break the chips, and repeat the cutting (fig. 
6-25). When you have cut enough threads so 
that the rod comes through the back of the die, 
remove tne «i'8 and try the rod in the tapped 



Adjusting a threading die to produce a thread 
of the proper fit is a trial-and-error pro- 
cedure. This was a trial run. If the fit is too 
loose, cut off and discard the portion of the rod 
that you threaded. Then expand the die by 
tightening the pointed setscrews (or the adjust- 
ing screw) so that the die will cut shallower 
threads on the rod and produce a tighter fit. 

If the fit is too tight, it will not be necessary 
to discard the threaded portion of the rod. Con- 
tract the die by backing off (loosening) the 
pointed setscrew (or the adjusting screw) to de- 
crease the size of the split in the die. This will 
cause the die to remove more metal, when cut- 
ting, and produce a looser fit. Then run the die 
down the cut threads that were too tight. Now 
test the fit again by turning the threaded end 
into the tapped hole. 

When you have finished the threading job, 
remove the die from the die stock, carefully 
clean out all the loose chips, and apply plenty 
of oil. Wipe off the surplus oil and put the die 
and die stock away in the threading set where 
it will be protected and ready for the next job. 

RECONDITIONING 
MACHINE THREADS 

To recondition machine threads, when the 
damage is not serious, the general practice is 
to select ihe proper threading die, one type of 
which is shown in figure 6-26A. Start the die 
with the chamfered face of the die which is 
shown in the figure. Put it in a die stock, and 
run over the threads that are damaged. For 
steel, lubricate with a 50-50 mixture of white 




A B 
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Figure 6-26.— Two thread recon- 
ditioning tools. 




44.152 

Figure 6-27.— Thread restorer. 
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Figure 6-28.— Adjustable thread restorer. 



iead and lard oil, lard oil alone, or lubricating 
oil If the others are not available. Use no lu- 
bricant for brass and copper. 

The screw and bolt rethreading die, shown 
in figure 6-26B, is designed especially for re- 
conditioning threads. The six sets of cutting 
teeth, in place of the customary four sets on a 
threading die, provide better alignment while 
the die is recutting damaged threads. Turn 
this rethreading die with any type of wrench or 
hold the die in a vise and turn the threaded 
piece through it. 

When only the first thread or the first 2 or 3 
threads are damaged, and a perfect thread is 
not absolutely necessary, a three- square file 
can be used to touch up the tops of the dam- 
aged threads. 

The thread restorer shown in figure 6-27 
resembles a square file. Each face Is designed 
to match a certain pitch- screw thread. Two 
sizes of this tool are available, each one cover- 
ing eight different machine-thread pitches. To- 
gether they cover a range of from 9 threads 
per inch through 32 threads per inch. Use this 
thread restorer as you would a file, maintaining 
the proper angle (that of the threads) as you go 
over the damaged threads. 



44.153X 

Tools of this type are available for external 
pipe threads as well as for machine threads. 
The thread restorer for internal pipe threads, 
however, is similar to a tap. This type of 
thread restorer, whether internal or external, 
removes metal. Therefore, the thread that re- 
mains as a restored thread will not be a perfect 
or full threa..-. Where the crest of ths original 
thread was -attered over, the crest of the re- 
stored thread will be noticeably flat. Threads 
restored in this manner are, for practical pur- 
poses, us strong as new threads and will again 
enter a nut or tapped hole. 

Another type of thread restorer is shown in 
figure 6-28. This tool is not designed to cut 
new threads, but only as a maintenance and re- 
pair tool. Its action is a reforming action and 
not a cutting ac^'cn. Therefore no metal Is re- 
moved from the thread that is being forced back 
to its original shape. 

Only four sizes of this tool are necessary to 
cover thread diameters from one-quarter 
inch to 6 inches. A fifth size takes all diam- 
eters from 6 to 12 inches, inclusive. Each 
size will fit any pitch, left- or ri^t-hand 
threads, standard pipe or machine thread, within 
the si ze li mit s spec i f ied , and no chan ge of 
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blades or dies is necessary. This restorer 
will not work on Acme threads. 

To operate this thread restorer, simply 
slip It over the threads with the arrow on top, 

toward you. Then tighten the jaws or blades 
'^o snug fit into the threads close to the back 

lb 3 thread where no damage has been done. 
T/.*--rt. just as you would remove a nut, turn the 
tool counterclockwise in the directio\i of the 
2;rrow on right-hand threads. To restore left- 
Iiand threads, first flop the tool over so tha- 
d.e lace of the tool having the arrov/ is away 
tvom you* Then, after bringing the jaws up 
Si*ac> ^n the tool off of the left-hand threads 
by turning ic clockwise so that it will move 
to"vara you. Notice that this type of thread 
restorer normally works from the bottom or 
b??ck of the thread out toward the end, restoring 
the threads as it progresses. 

In most cases, resotrers slide easily over 
key ways and milled flats on threaded parts. It 
may be found that the milled flat is rather wide 
on large-diameter jobs. In such cases threads 
can still be restored and the tool will negotiate 
the flat if you will clamp a half round piece of 
soft wood on the flat and operate the tool as 
directed. When this is necessary, it is usually 
oi: work of 2-inch diameter or larger. When 
used on studs or bolts having cotter pin holes, 
a small wooden plug in the hole will avoid 
breaking teeth. Keep the restorer clean and 
well oiled both in use and in storage. 
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CUTTING INTERNAL 
PIPE THREADS 

Pipe threads are tapered threads to provide 
an airtight and liquidtight joint. A 3/8" machine 
thread tap and a 3/8" pipe thread tap are com- 
pared in figure 6-29 show their differences. 
The 3/8" machine thread tap will cut machine 
threads in a hole so that a 3/8" cap screw, hav- 
ing the same thread can be screwed into the 
hole* The 3/8" pipe thread tap will cut pipe 
threads in a hole sc. that a 3^8" threaded pipe 
cpn be screwed into the hole. Because pipe 
diameters are measured and given as inside 
diameters, and the wall thickness of the pipe 
must be taken into consideration, the 3/8" pipe 
thread tap in figure 6-29 is noticeably larger 
than the 3/8" machine thread tap. It should also 
be noted that the pipe thread tap Is tapered, but 
the machine thread tap Is not. 

The N.P.T., which formerly stood for Na- 
tional Pipe Thread, Is still used as a carryover 
and now refers to the new name for the same 
thread, American Standard Taper Pipe Thread. 
This standard taper Is 3/4" per foot. 

To select the proper tap drill for the pipe 
tap that you will use to tap a hole to take a 
given size of threaded pipe, refer to table 6-3» 
For example. If you want to drill and tap a hole 
to take a 3/8" pipe thread, find the 3/8" pipe 
tap In the Pipe Tap Size column. Opposite this, 
In the Tap Drill Size column. Is 19/32", the 
proper tap drill to use for a 3/8" pipe tap. 

To cut Internal pipe threads, drill a tap hole 
In the stock to be tapped and, following the sug- 
gested procedure for tapping machine threads 
described earlier In the chapter under the 
heading Cutting Machine Threads With Taps, 



Table 6-3.— American Standard Pipe Tap 

Drill Sizes . 

44.155 



Figure 6-29.— Comparison of machine 
thread tap and pipe thread tap. 
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rxin the pipe tap into the tap hole. Notice that 
the first few threads on the pipe tap are ground 
away. This makes starting easier. Plenty of 
lard oil is the standard lubricant for steel. Tap 
copper and brass with no lubricant. The depth 
to which it is desirable to tap pipe threads is 
usually determined by turning the threaded pipe 
Into the tapped hole for a trial. As shown in 
figure 6-30, the last few threads on the pipe 
should still be visible when the pipe is drawn up 
tight In the tapped hole. Figure 6-30 shows the 
values of dimension A (the length of thread on 
pipe required to make a tight joint) for various 
sizes of pipe up to 12". 

The general practice in tapping holes for 
pipe threads is to drill the proper size tap hole 
and then start the pipe tap right into the tap 
hole. Some men recommend using a pipe 
reamer, especially when large deep holes are 
to be tapped. A pipe reamer has the same 3/4" 
per foot taper as a pipe tap. A reamed pipe tap 
hole would have the same shape as the pipe 
tap, and therefore would make tapping easier 
and reduce wear on the tap. 

CUTTING EXTERNAL 
PIPE THREADS 

Usually, both ends of a pipe are threaded 
with external pipe threads. Notice, in all the 
figures showing pipe threads, that they are 
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Figure 6-30.— Length of thread on pipe 

required to make a tight joint. ^ 



V-shaped. The standard 3/4" taper per foot of 
pipe threads is equal to 1/16" per inch. There- 
fore, the taper of the threads on each side of 
the pipe is 1/32" taper per inch. This taper 
cannot be changed. This produces a tight joint. 
The angle between sUl<:f of the threads is 60'", 
and several threads i the end of the pipe are 
perfect threads. The next .:ew have V-bottoms 
but flat tops, and the last ft^vv threads have both 
flat tops and bottoms. Eauh size of pipe has a 
certain number of threads per inch, built into 
the pipe taps and dies. 

Adjustable pipe dies h-'v ^ a reference mark 
on each die which, when Imea up with he corre- 
sponding reference mark on the die stock, will 
give a standard-size thread. You adjust the 
dies one way or the other from the reference 
mark to cut a thread with the fit you want. 

To cut external threads on iron l ipe, first 
determine its nominal size. Nominal size 
means the "name size" of the pipe such as 
1/8", 3/4", and so on. Except in the sizes be- 
low 1", nominal sizes correspond closely to 
inside diameters. For 1" pipe and larger, 
measure the inside diameter (IX).) with your 
rule, to the closest 1/32", and you will have 
nominal size. For sizes below 1", you can de- 
termine nominal size by measuring the outside 
diameter (CD.) to the nearest 1/32" and read- 
ing the corresponding nominal size in Table 6-4. 
This method can also be employed for sizes 1" 
and above in lieu of the I.D. measurement. 

To begin cutting, put the die stock on the 
pipe so that the pipe passes through the guide 
and enters the tapered face of the pipe die. 
Turn the die stock clockwise for right-hand 

Tah!e 6-4.— Approximate OX), of 
mdard Wrought Iron Pipe 
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Figure 6-31,— Threading an external 

pipe thread with a pipe die. 11.3.4 



REAMER AT START 
Of CUT 



REAMER 

cuniNG 





MATERIAL REAMED 
FROM HOIE 
(ENlARCtO TO SHOW 
CUniNG EDGE) 

44.159 

Figure 6-33.-Reaming a hole with 
a straight hole reamer. 




44.158 



Figure 6-32.— Using a tap wrench 
to turn a hand reamer. 



threads, applying pressure only when starting. 
It Is not necessary to turn the die back and 
forth as you do when cutting machine threads. 
Pipe- threading dies can cut continuously be- 
cause they cut only as many threads on the pipe 
as there are on the die itself and because there 
Is plenty of room in a pipe die for the chips to 
escape. After the die has taken hold, it will 
feed Itself. When cutting threads on steel pipe, 
apply lard oil to the pipe and die where the cut- 
ting is actually taking place. Continue turning 
until the end of the pipe has gone through the 
die and Is flush with the near face. See figure 
6-31. 

This will give you the length of thread called 
for in the table in figure 6-30. Notice that, * i 
the assembled pipe joint in figure 6-30 several 
threads reniain on both pipe and fitting to per- 
mit further tightening should a leak develop. 



Table 6-5.— Standard Taper 
Pin Dimensions 
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REAMING OPERATIONS 

Reaming operations are jobs that smoothly 
enlarge drilled holes to an exact size and finish 
the hole at the same time. A hole that has been 
made by drilling Is usually slightly oversize. 
This Is quite satisfactory for holes In which 
bolts or rivets are placed. When greater ac- 
curacy and a smooth finish are required, the 
hole Is first drilled underslze and then finished 
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T HANDIE f\n REAMER 



TAPER P\H 




SHAFT 



FLANGE- 



Fig^ire 6-34.— A tapered pin 
installed in a shaft and 
flange. 

Table 6-6. -Taper Reamer 
Dimensions 
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N 










No. of 
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Diameter 


Diameter 
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of 
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End of 
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End oF 
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0.0666 
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by reaming. Reamers are also used to remove 
burrs fro^n the insides of pipe. 

STRAIGHT HOLES 

A solid straight-hole reamer Is used for 
most work, since it Is the most accurate and 
rugged reamer. The straight-hole handreamer 
Is turned by means of a tap wrench that is 
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Figure 6-35.— Using a pipe 
reamer to remove burrs 
from pipe. 



tightened on the square end of the reamer shank. 
(See fig. 6-32.) Secure the work In ^ vise so 
that the hole to be reamed Is perpendicular to 
the top of the vise jaws. Position the reamer at 
the top of the hole (fig. 6-33). Straight-hole 
reamers have a slight taper at the end so that 
they will fit Into the hole easily. Turn the 
wrench clockwise very slowly until the reamer 
Is centered In the hole. 

After the reamer Is centered In the hole, 
turn the wrench clockwise with a steady firm 
pressure until the reamer has been turned aU 
the way through the hole. When reaming steel, 
use cutting oil or machine oil to lubricate the 
tool. When reemlng soft Iron, do not lubricate 
the tool. To remove the reamer from the hole 
turn the wrench clockwise and raise the reamer 
simultaneously. 

NOTE: Turning the wrench too fast or too 
slowly will cause the reamer to chatter, pro- 
ducing an unevenl;y reamed hole. 

TAPERED HOLES AND 
PIN INSTALLATION 

To install a tapered pin, refer to tha blue- 
print or drawing for the proper size of pin to 
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END TO END MF.ASUf E 



END TO CENTER MEASURE 



FITTJNG LENGTH 



-CENTER TO CENTER MEASURE 




FITTING LENGTH 

FITTING LENGTH 



11.335(44) 

Figure 6-36. — Proper methods for 
measuring pipe to desired lengths. 



STEP 0 




SCREW THE CUrrmQ WHEEL 
LIGHTLY AGAINST THE TUBING 




iy STEP 0 



ROTATE THE CUTTER KZZP\HQ A SLIGHT 
PRESSURE AGAINST THE CUTTING WHEEL 
WITH THE SCREW AOJUSTMENT. 
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Figure 6- 38. -Steps m cutting 
Cubing with a tube cutter. 




29.205 

Figure 6-37.— Cutting pipe 
with a pipe cutter. 

use. The size will be given as a number and 
length in inches (table 6-5). For instance, a 
No. 3 pin 1 3/4" long might be specified. Then, 



when you hav- the proper pin, measure the 
diameter of its auicill end and drill a hole of 
that size through for example, the hub of a 
flange and a shaft while the flange is in place 
on the shaft. (See fig. 6-34.) Then select the 
same number of tapered pin reamer, a No. 3 in 
this case. 

Table 6-6 shows specifications of various 
sizes of reamers. The specifications given op- 
posite the reamer numbers in the left-hand 
column of table 6-6 are the dimensions of the 
reamers. The small end of the reamer should 
just enter the hole you drill and, if the proper 
size of reamer has been selected, the pin will 
fit exactly. Turn the tapered pin reamer with a 
tap wrench slowly and in a clockwise direction 
only, lifting it out ol the hole to clean away the 
chips while it is still turning. If you reverse 
the direction of ti^e reamer, chips may be 
wedged behind its cutting edges, causing them 
to break. Ream brass dry but apply cutting oil 
liberally when reaming steel. Try the taper pin 
in the hole several times as the reaming pro- 
gresses. Stop reaming when the pin protrudes 
the same amount on both sides of the hub of the 
gear. 
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Figure 6-39.— Cutting tubinp close 

to the base of a flare. 44.165 



BURR REMOVAL 

After a piece of pipe has bf en cut, the ends 
should be reamed to remove the burr that is 
left on the Inside of the pipe. This burr, if not 
removed, will restrict the flow of fluid in the 
pipe. Besides the pipe reu.mer you will need a 
vise to hold the pipe steady. After making sure 
the pipe is held firmly in the vise. Insert the 
reamer In the end of the pipe and turn the 
handle. (See ^g.^B-SS.) Rotate the handle of 
the reamer clockwise in short even strokes un- 
til the burrs Inside the cut piece of pipe are 
completely removed. Remove the reamer from 
the pipe by rotating It clockwise and reducing 
applied pressure. 

CUTTING PIPING AND TUBING 

In performing certain tasks, you may be re- 
quired to cut pipe or tubing. The main differ- 
ence between pipe and tubing lies in their wall 
thicknesses; pipe has thicker walls than tubing. 
Though pipe cutters are larger than tube cut- 
ters, they work on the same principle. 

PIPE 

You will probably cut more pipes made of 
Iron than any other metal. These pipes must be 
cut to specific lengths. Before cutting a pipe to 
length, make sure you have the correct meas- 
urement. Figure 6-36 shows three methods of 
measuring threaded pipe to desired lengths. 

The end-to-end method Includes measuring 
tlie threaded portions of the pipe and measuring 
the pipe from end to end. The end-to-center 
method Is used on a section of plpr that has a 
fitting screwed on one end only; measure from 
the free end of the pipe to the center of the 
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Figure 6-40.— Reaming the burrs 
from a piece of tubing. 



fitting at the other end of the pipe. The center- 
tfi-center method is uaed when both ends of the 
pipe have fittinrs; measure from the center of 
one fitting to the center of the other fitting at 
the opposite end of the pipe. 

The approximate length of thread on 1/2- 
and 3/4-inch wrought iron or steel pipe is 3/4 
Inch. On 1-, 1 l/4-,and 1 l/2-inch pipe, It Is 
approximately 1 inch long. On 2- and 2 1/2- 
inch pipe, the length of thread is 1 1/8 and 
1 1/2 inches respectively. 

To determine the length of pipe required, 
take the measurement of Installation such as 
center to center of the pipe requiring two fit- 
tings. Measure the size of the fittings as 
shown in figure 6-36. Subtract the total size 
of the two flttlnf^s from the Installation meas- 
urement. Multiply the approximate thread 
length by 2 and add the result to the length ob- 
tained. This will give the length of pipe 
required. 

After the length of the pipe has been deter- 
mined, measure the pipe an^! mark the spot 
where the cut Is to be made with a scrlber or 
crayon. Lock the pipe securely in a pipe vise. 

Inspect the cutter to make sure that there 
are nu nicks or burrs In the cutting wheel. Open 
the jaws of the cutter by turning the handle 
counterclockwise. Position the cutter around 
the pipe at the marked point. Make sure the 
cutting wheel is exactly on the mark and close 
the jaws of the cutter lightly against the pipe 
by turning the cutter handle clockwise. After 
making contact, turn the cutter handle clock- 
wise one-fourth of a turn more. This will put a 
bite on the pipe. 

Grasp the cutter handle and rotate the cutter 
as a whole one complete revolution, swinging It 
around the pipe In the direction Indicated In 
figure 6-37. Turn the cutter handle clockwise 
one-fourth of a turn more to take another bite 
on the pipe and rotate the cutter another com- 
plete revolution. Keep the cutter perpendicular 
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to the pipe at all times or the vheel will not 
track properly. Repeat this operation until the 
pipe Is cut. Remove the small shoulder on the 
outside of the pipe with a file and remove the 
burr on the Inside with a reamer. 



TUBING 

Copper tubing is one kind of metallic tubing 
that you can cut r^idlly with a tube cutter. To 
cut tubing, place tiie tube cutter with the cutting 
wheel on the mark wht. e the cut Is to be made. 
Move the cutting wheel Into light contact with 
the tubing. See step 1 In \gure 6-38. Then 
swing the handle around the tubing as you feed 
the cutting wheel a little for each revolution by 
turning the screw adjustment Different wall 
thicknesses, kinds, and diameters of metallic 



tubing require different feeds. Step 2, figure 
6-38, indicates the direction of rotation. The 
feed pressure is correct when it keeps the 
wheel cutting but does not flatten the tubing. 

The design of some tubing cutters will per- 
mit cutting off a flared end close to the base of 
the flare. In figure 6-39, notice the groove 
in the backup roller. Place the flare in this 
groove so that the cutting wheel rides at the 
base of the flare. Then cut off the flare as you 
would cut tubing. 

Burrs that form may be similar to those 
formed In pipe cutting. Remove the inside burr 
with the reamer attached to the tubing cutter 
opposite the handle (fig. 6-40). In some cases 
a three-cornered scraper, pocketknlfe blade, 
or round file may work better than the reamer. 
After reaming clean out the chips. Then re- 
move any outside bun with a file. 
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CHAPTER 7 

MISCELLANEOUS TASKS 



Navy personnel are required to have, or 
develop, the skill or ability to perform various 
tasks that differ from those previously dis- 
cussed In this manual. This chapter describes 
the toolc, procedures, and techniques that per- 
sonnel must use to become proficient when per- 
forming miscellaneous tasks such as bending 
and flaring tubes, removing broken bolts and 
studs, stripping wire, and soldering. 

BENDING AND FLARING 
METALLIC TUBING 

The objective In tube bending Is to obtain a 
smooth bend without flattening the tube. Tube 
bending Is usually accomplished with one of the 
tube benders discussed in this chapter. In an 
emergency, however, aluminum tubing under 
one-fourth of an Inch in diameter may be bent 
by hand. 



SPRING BENDERS 

External spring-type benders, shown In fig- 
ure 7-lA,come In sizes to bend 1/4", 5/16", 
3/8", 7/16", 1/2", and 5/8" outslde-dlameter 
soft copper, aluminum, and other soft metallic 
tubing. To bend tubing with this type of bonder, 
first select the size that will just slip over the 
size of tubing you want to bend. Then slip It 
over the tubing so that It centers :\i the middle 
of the proposed bend. Grasp the bender wltli 
both hands and make the bend. (See fig. 7- IB.) 
The restraining actAon of the bender will pre- 
vent the tubing from collapsing at the bend and 
will produce a smooth curve. To remove the 
bender, grasp the boiled end and pull It oii tho 
tubing. 

Internal sprlng-typo benders, shown In fig- 
ure 7-lC,como In slzos to bond 3/fl", 1/2", and 
5/8" outside diameter tubing. This type can 
be used when both ends of a length of tubing are 
flared and tho cxtoriwl typo cannot be applied. 
To l)cnd tul)lnK with an Internal sprlng-typo 
bender, Helect tlio proper size l)ondor and : lip 
It Inside of tho tubing. IhHort It bo IJiiit the 



lenter of its length is at the center of the 
proposed bend. Grasp the tubing with both 
hands and make the bend. If the bender sticks 
out of the end of the tubing, remove It by pull- 
ing It out. If not, remove it with a fish wire or 
other simple means. 



HAND TUBE 
BENDER 

The hand tube bender shown In figure 7-2 
consists of four parts— handle, radius blork 
(mandrel), clip, and slide bar. The radius block 
is marked In degrees of bend ranging from 0 to 
180. The slide bar has a mark which Is lined up 
with the zero mark on the radius block. The 
tube Is Inserted In the tool, and after lining up 
the marks, the slide bar Is moved around until 
the mark on the slide bar reaches the desired 
degrees of bend on the radius block. Follow the 
procedure Indicated In figure 7-2. 

This type of bender Is furnished In 3/16", 
1/4", 5/16", 3/8", and 1/2" sizes. For larger 
sizes of tubing similar mandrel-type benders 
are used. The only difference Is that these 
larger benders are geared for greater mechani- 
cal advantage. 




Fit'.ure 7- l.-I5(Miding tubing witli spring 
type tube bcjndors. 
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FLARING 

Tube flaring; 1h a inotlnxl of forming tho (Miti 
of a tube Into a funnel Hhapc ho lliiil It can bo 
hold by a throadod fitting. A ixirtlally throad(?d 
flaro nut in wllppod ovar the tubo, the ond of tho 
tube Ifj flared, the flare in Heated with ihn luHldo 
of the flare ajcalnnt the ond of a flttlnK which 
hafl threadH on the f)utHlde, and then Ihe flaro 
nut iM Horewed onto tho flttlnK, puHhbiK tho r>ut - 
Hide of tl»e flare a^alnnt Ihe Moatln^ Hurface ol 
the flttlnK* 



The tube-flarhiK tool Hhown In flti:uro 7-3 la 
one typo which Is commonly UHod to flaro cop- 
i'»r tubbiK. To flaro the ond of tubing, first 
( Mock to Hco that It ha« been cut off equaroly 
and liaH the burrs removed from \x)ih Inaldo and 
oulHlde. Remember lo Hllp tlie fUro nut on the 
tube before you make th » flare. Then, aa Hhown 
In flKiire 7-3A, open the flarlnK tool at tho die 
which corroHpondH to tho Hlzt) of the tubing bo- 
InK flared. Innert Ihe ond of the tublnK to pro- 
trude HllKhtly al)ove the top face of tho dlo 
b. >CH. The ammint by which tlie tubing extondfl 
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Fi^re 7-3.~-Flarinji; metallic tubing. 




4-1.188 



Figure 7-5.— Removing a 
broken bolt with a 
prick punch. 




1 



Figure 7-4. — R(Mnt)virig a 
brokon Htud with viHO- 
grlp pUfjrH. 
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Figurij 7-0. — Screw and bolt extractors 
f(ir removing broj<en Htuds. 



above the blocks delerminoH the finislied diam- 
otor of the fLire. Tha flare must be large 
enough bo tliiit It will Hoat i)roi)erly agiilnst tlie 
fitting, but Htmll enough bo that tlie threads of 
Uio flare nut will slide over It. You d()t(!riiilne 
the correct size by trlal-aiwl-error . 'I'hen a^ 
shown in figure 7-3n, clone tlie die l)lock aiul 
Hocuro the tool with tiie wing nut. Use tlie 
Itiindle of ttie yoke to tlgliten tlie wing nut. Tlu*n 
place the y(;ke over tlie end of the tubing (fig. 
7-3C),and tlg^iten the handle to for(!e the i,one 
into the end of the tubing. 'Die r(;mploted fl;ir<; 
should be Mllghtly vinlbb; ab<ive the face of thr< 
die blr)ck/i. 



WiiMOVrNG liHOKEN iOLTS 
AND STUDS 

When (he renujval oi a broken bolt or stud Is 
riKpilred, flood the \%ivi being worked on with 
|)lority of pen(!tratlng oil or oil of wlntergroon. 
Time iKirniltting, s(;ak the area for several 
hours i)V overnight. A week's soaking may 
lrH;sen a l)oli which would otherwise have be 
drilled out. 

If enough of (he br(;k(?n pMM'O pi intrudes take 
hold ol It with viMe-grlp pliers, as shown In 
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Table 7-1. -Chart for Screw and Bolt Extractor s 
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Extractor 



Size No. 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 



Overall Length, 
Inches 



3/8 
11/16 

3/8 
3/4 
1/8 
3/8 
5/8 

5/8 
1/4 



Used For- 



Nominal Screw 
And Bolt Size, 
Inches 



3/16- 
1/4 - 
5/16- 
7/16- 
9/16- 
3/4 - 

1 

I 3/8 • 

1 3/4 - 

2 1/B - 
2 1/2 - 
3 



1/4 

5/16 

7/16 

9/16 

3/4 

1 

1 3/8 

1 3/4 

2 1/H 

2 1/2 
3 

3 1/2 



Nominal Pipe 
Size, Inches 



1/4 

3/8 



1 

1 

1 1 
1 I 

2 



Use Drill Size 
Dia., Inches 



5/64 

7/64 

5/32 

1/4 

17/64 

13/32 

17/32 

n/n 

1 1/16 
1 5/16 
1 9/16 
1 1^/lb 



figure 7-4, and carefully try to ease It out. If 
the bolt cannot be turned, further soaking with 
penetrating oil niay help. Or try removing the 
pliers and jarring the bolt with light hammer 
blows on the top and around the sides. This 
may loosen the threads bo that the bolt can then 
be removed with the vise-grip pliers. 

If a bolt has been broken off flush with the 
surface as shown In figure 7-5, It Is sometimes 
possible to back It out with light blows of a 
prick punch or center punch. However, If the 
bolt was broken due to rusting, this method will 
not remove It. If It cannot be removed by care- 
ful punching first on one side and then the other, 
a screw and bolt extractor may remove it. (See 
fig. 7-6D.) 

When using this extractor, file the broken 
portion of the bolt to provide a smooth surface 
at the center for a punch mark, if yK)HHlble. 
Then carefully center punch the exact center of 
the bolt. (See fig. 7-6A.) 

Refer to table 7-1 to select the proper drill 
size to use according to the size of the broken 
bolt thiit you are trying to remove. If fxu^Hlf)le, 
drill througl» the entire length ' < . m> broken 
bolt. Then carefully work some p^raetr Uing oil 
throujcti th'shole so Uiar, It fills the cavity be- 
neath t^ )lt and iias a (!h;in(!e to work its way 
upward, frf)in *hr bottom of the Lolt. Tlu^ more 



time y(ju let the penetrating oil wnrk from 
both ends of the broken IxM, the better are 
your chances of removing it. 

When drilling a hole in a stud which has 
broken off below the surface of the piece which 
it was holding, as shown in figure 7 7A, a irill 
guide will renter the drill and may be preferred 
rather than a center ;)u n i^k. 

When the hole Uae ^ • . ^td, an' addi- 
tional penetrating oil ha . . imw to soak, put 
the spiral end of the 5 - i bolt extractor 

into the hole. Se' ; Mi /.ily Ith a few light 
hammer blows ^ ii" tap wrench as 

shown in figure 7-7i . Ci/» i> / try to back '.he 
broken out (jf II • ^olo n the extractor 
coni»terclockivlse. I In,' ly; . I extractor Is 
designed for rigjU h r 1 (n, » only.) 

A screw and ^x)l 'Xi .i >r can sometimes 
be used ' o remove a * ) ead capscrew when 
the socket han bet tripped by the Allen 
wrench. (See fig. 7-8.: When attempting this 
removal, carefully grii 'l uff the. end of the ex- 
tractor s^ Mat It will not bottom before the 
spiral has ..ad a cUiinn to take hold. Figure 
7-8H shows th s end clearance. In doing Uils 
grindirg operation, great care must be tak n to 
keep th^ temperature of the extractc \ w 
enough so tluit the tip can be handled With the 
baie iiands. If the \v\v(\i\(i,AH is drawn from the 
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Figure 7-7.— Removing a stud broken 
off below the surface. 
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Flguro 7-8.— Removing an Alien head 
capscrew with a bolt extractor. 



tip of the extractor by ov^irheatlr > during the 
grlndln(i,, the extractor wtU not take hold. 

REMOVING A BROKEN DOLT 
AND RETAPPING HOLE 

To ?f»n;ove a broken bolt and retap the hole, 
file the bolt flmooth, If necessary, and centor- 
punch It for drilling. 

Then aeioct a twist ("ciV which Is a little less 
than the tap drill clzr. lo. the particular bolt 
Uiat has been brokcsn. As shown In figure 7-9, 
tills drill will juot about hut not quite touch the 
crests of the threads In thu threaded hole or the 
roots of the threads on ti;G tlireaded bolt. Care- 
fully start drilling J . the renter punch mark, 
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Figure 7-9. - Re' -ovlng a broken bolt and 
retapplns uole to name s*?^. 





A B 

44.189 

Figure 'i" iO " V?omovlng broken bolt 
and T9iAir)\' ^ role to larger size. 



crowdlrir^ '.^ . drill one way or the other as nec- 
essary L > ihat the hole will be drilled In the ex- 
act centi* of ^he bolt. The drill In figure 7-9 
has almost drilled the remaining pr;rt of the 
bolt away and will eventually break through the 
bottom of the bolt. When this happens, all that 
wfU remain of Ihe bolt will be a threaded shell. 
V*l 1: nrlck punch or other suitable tool, chip 
out ' renwve the first 2 or 3 threads. If pos- 
sible, at the top of the shell. Then carefully 
start a tppered tap Into these several clean 
threads c ^ I continue tapping until the shell has 
been cut /ay and the original threads restored. 

In cast s where the identical size of capscrew 
or bolt Is not necessary as a replacement, 
nter- punch and drill out the old bolt with a 
u-iU larger than the broken bolt, as shown in 
figure 7-lOA. Tap the liole first, and then 
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PLUG WELD — 

AREA rcrnVtei.^HEX NUT 
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Figure 7- 11.— Removing a broken 
tap with vise-grip pliers. 



BROKEN 
/TAP 



SLIDING 
PRONG 



UPPER 
COLLAR 




SQUARE 
SHANK 



44.191 

Figure 7- 12.— Removing a broken 
tap with a tap extractor. 



finish it with a bottoming tap as shown in figure 
7-lOB. Replace with a larger size capscrew or 
stud. 

REMOVING A BROKEN TAP 
FROM A HOLE 

To remove a broken tap from a hole, gener- 
ously apply penetrating oil to the tap, working It 
down through the four flutes Into the hole. Then, 
if possible, grasp the tap across the flats with 
vise-grip pliers. This operation Is shown in 
figure 7-11. Carefully ease the tap out of the 
hole, adding penetrating oil as necessary. 

If the tap has broken off at the surface of the 
work, or slightly below the surface of the work, 
the tap extractor shown in figure 7-12 may re- 
move it. Again, apply a liberal amount of pene- 
trating oil to the broken tap. Place the tap ex- 
tractor over the broken tap and lower the upper 
collar to Insert the four sliding prongs down 
into the four flutes of the tap. Then slide the 
bottom collar down to the surface of the work 
so that It will hold the prongs tightly against the 
body of the extractor. Tighten the tap wrench 
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Figure 7-13.— Using a plug weld 
to remove a broken tap* 





44.184 

Figure 7-14.-Strlpplng insulated wire 
with a pocket knife. 



on the square shank of the extractor and care- 
fully work the extractor back and forth to loosen 
the tap. It may be necessary to remove the ex- 
tractor and strike a few sharp blows with a 
small hammer and pin punch to Jar the tap 
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Figure 7-15,— Stripping insulated wire witii 

side cutting pliers. l,2i,8A 



loose. Then reinsert the tap remover and care- 
fully try to back the tap out of the hole. 

Each size of lap will require its own size of 
tap extractor . Tap extractors come in the fol- 
lowing sizes: l/4^\ 5/16", 3/8", 7/16", 1/2", 
9/16", 5/8", 3/4", 7/8", and 1". 

When a tap extractor will not remove a 
broken tap, it Is often possible to do so by the 
following method: Place a hex nut over the tap 
(fig. 7-13), and weld the nut to the tap. Be sure 
to choose a nut with a hole somewhat smaller 
than the tap diameter to reduce the possibility 
of welding nut and the tap to the job Itself. 
Allow the weld to cool before trying to remove 
the tap. When the nut, tap, and job have corne 
to room temperature. It is often helpful to heat 
quickly the Immediate area around the hole 
with an oxyacetylene torch. This quick heating 
expands the adjacent metal of the work after 
which the removal of the tap may be less diffi- 
cult. If the heating Is too slow, the tap will ex- 
pand with the adjacent metal of the work and 
there will be no hiosenlng effect. 
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Figure 7- 16.— Stripping insulated wire 
witli side cutting pliers (alternate 
procedure). 



STRIPPING INSULATED WIRE 

Insulation may be stripped from wire by us- 
ing one of several tools. However, a pocket- 
knife or side cutting pliers are generally used 
for this work. 

When using a pocketknlfe for stripping Insu- 
lation, hold the wire in one hand and the knife in 
the other. Use your thumb to roll the wire over 
the blade of the knife to cut the Insulation al- 
most to the wire itself. (See figure 7-14A.) 
Then pull off or "strip" the short piece of in- 
sulation from the end of the wire. Because any 
nick In the wire will eventually cause a break, 
it is important not to cut clear through the in- 
sulation. By not cutting completely through the 
Insulation, the bJnde of the knife never comes 
into contact with the wire Itself, thus preventing 
any possible injury to the surface of the wire. 
However , cutting nearly through the insulation 
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weakens it sufficiently so that the insulation 
can be stripped from the wire. 

Another way to perform this operation is, 
while holding the wire in one hand and the 
pocketknife in the other, hold the wire against 
the knife blade and cut the insulation off with 
several strokes of the blade, working around 
the wire with each successive stroke, (See fig. 
7-14B.) Notice tliat the blade is held almost 
flat against the insulation. This low angle pre- 
vents the blade from cutting into *the wire 
itself. 

Insulated wire can be stripped with the side 
cutting pliers, as shown in figure 7-15, by 
nicking the insulation all around, being careful 
not to break through to the wire itself, and 
stripping the short length of insulation off the 
end of the wire. Notice that, in figure 7-15A, 
tho man's index finger is wedged between the 
handles of the pliers close to the joint. This 
affords better control over the cutting edges so 
that there is less chance that the insulation will 
be broken completely through. When the nick 
has been made all around the wire, press vour 
thumb against the side of the pliers to break the 
insulation at the nick and, without changing the 
grip of the pliers, strip it off the end. (See fig. 
7-15B.) Care must be exercised to avoid cut- 
ting too far through the insulation and nicking 
the wire. 

Insulated solid wire can also be stripped as 
shown in figure 7-16. Starting at the end of the 
wire, grip and crush the insulation between the 
flat places on tl^e inside of the handles close to 
the hinged joint. In figure 7-16A, the insulation 
has been crushed and the wire exposed. Then, 
as shown in figure 7-16B, grasp the insulation 
close to the end of the crushed portion and tear 
It off. Although this method leaves a rather 
ragged appearing end on the remaining insula- 
tion, there is no possibility of damaging the 
wire. 

SOLDERING 

Soldering is a metal- joining process in which 
a lower melting-point metal (called solder) is 
heated to the point where it melts and wets the 
Joint surface and then is allowed to solidify In 
place. To enable the solder to wet the surfaces 
readily and be drawn into fine cracks, the sur- 
faces and the solder must be clean and free of 
oxide film. When necessary, the cleaning Is 
done with chemicals or abrasives. One clean- 
ing substance frequently uschJ Is called flux. 



Cooper, tin, lead, and brass are example • 
readily solderable metals. Galvanized ii n 
stainless steel, and aluminum are difficult si 
solder and require tne use of special tech- 
niques which are beyond the scope of this 
manual . 

Soldering is a practical method of forming 
reliable electrical connections where bare 
wires are twisted together or are wound on 
terminals. Soldering is also used to make tight 
joints, such as lap seams of sheet metal, and to 
hold parts together physically. Soldered joints, 
however, do not support loads for long periods 
of time as well as welded joints do. Where 
load support is a governing factor, the usual 
practice calls for riveting, bolting, using 
another means of fastening followed by sealing 
of the joints with solder. 

In soldering the readily solderable metals, 
you only need the solder, a flux, and a heat 
sourer The following paragraphs will be lim- 
ited 10 descriptions of the soldering equipment 
and procedures required for making reliable 
electrical connections. 

SOLDERS 

By definition, solders are joining materials 
or alloys that melt below 800° F. They are 
available in various forms— wire, bar. Ingot, 
paste and powder. Solders used for electrical 
connections are alloys of tin and lead whose 
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Figure 7- 17.— Electric soldering gun. 
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Figure 7-18.-Solujrlng Irons. 11.145:1,26 



melting points range between 360° Fand 465° F 
(both endpolnts are approximate). 

A tin-lead solder alloy is usually Identified 
by two numbers Indicating the percentages of 
tin and lead In the alloy. The first number Is 
the percentage of tin. For example, a 30/70 
alloy Is made of 30% tin and 70% lead. Like- 
wise, a 15/85 alloy Is made of 15% tin and 85% 
lead. In general, the higher the percentage of 
tin In a solder alloy, the lower the melting 
point. 

FLUXES 

Soldering fluxes are agents which rlean 
Bolderable metals by removing the oxide film 
normally present on the mclals and also pre- 
vent further oxidation. Flaxes are classified 
as noncorroPlve, mildly corioslve, or corro- 
sive, ranging from mild r^ubft ances such as 



rosin to chemically actli^e salts such as zinc 
chloride. Rosin Ip an effective and nearly 
harmless flux used for electrical connections 
that must be reliable, tight, and corrosion 
free. Rosin flux Is available in paste, or powder 
form for direct application to ;joints before 
soldering, or Incorporated as the core oi wlr0 
solders. Unless washed off thoroughly after 
soldering, salt type fluxes leave residues that 
tend to corrode metalSt Because of their cor- 
rosive effects, so-called acid core solders 
(which Incorporate salt-type fluxefl) must NOT 
be used In soldering electrical com^ectlons. 

SOLDERING TOOLS 

The source of heat for melting solder Is a 
soldering gun (electric) or a soldering Iron 
(electric or nonelectric), sometimes called a 
copper. 
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SOLDERING GUN 

The soldering gun (fig. 7-17) operates from 
any standard 115- volt outlet and Is rated In size 
by the number of watts It consumes. The guns 
used In the Navy are rated between 100 and 250 
watts. All good quality soldering guns operate 
in a temperature range of 500° to 600'' F. The 
important difference In gun sizes Is not the 
temperature, but the capacity of the gun to gen- 
erate and maintain a satisfactory soldering 
temperature while giving up heat to the joint 
soldered. The tip heats only when the trigger 
Is depressed, and then very rapidly. These 
guns afford easy access to cramped quarters, 
because of their small tip. Most £ -'derlng guns 
have a small light that Is focused on the tip 
working area. 

The tip of a soldering gun should be removed 
occasionally to permit cleaning away the oxide 
scale which forms between the tip and metal 
housing. Removal of this oxide Increases the 
heating efficiency of the gun. If for any reason 
the tip does become damaged, replaceable tips 
are available. 

NEVER USE a soldering gun when working 
on solid state equipment. Serious damage to 
diodes, transistors, and other solid state com- 
ponents can result from the strong electromag- 
netic field surrounding the tip of the soldering 
gun. 

SOLDERING IRONS 

There are two general types of soldering 
Irons In use by the Navy. One Is electrically 
heated and the other nonelectrlcally heated. 
The eauentlal parts of both types are the tip and 
the handle. The tip Is made of copper. 



A nonelectric soldering iron (fig. 7-18) Is 
sized according to Its weight. The commonly 
used sizes are the 1/4- , 1/2- , 3/4-, 1-, 1 1/2- , 
2-, and 2 1/2-pound Irons, The 3-, 4-, and 5- 
pound sizes are not used In ordinary work. 
Nonelectric Ironshave permanent tips and must 
be heated over an ordinary flame, or with a 
blowtorch. 

The electric soldering Iron (fig. 7-18) trans- 
mits heat to the copper tip after the heat Is 
produced by electric current which flows ihrough 
a self-contained coll of resistance wire, called 
the heating element. Electric soldering Irons 
are rated according to the number of watts they 
consume when operated at the voltaje stamped 
on the Iron. There are two types of tips on 
electric Irons: plug tip nirh slip Into the 
heater head and, which : ]\r [ in place by a 
setscrew, and screw tip:, hu . are threaded, 
and which screw Into or on the heater head. 
Some tips are offset and have a90-degree angle 
for soldering joints that are difficult to reach. 

Electric Iron tips must be securely fastened 
In the heater unit. The tips must be clean and 
free of copper oxide. Sometimes the shaft oxi- 
dizes and causes the tip to stick In place. Re- 
move the tip occasionally and scrape off the 
scale. If the shaft Is clean, the tip will not only 
receive nxtreheat from the heater-element, but 
It will facilitate removal when the time comes 
to replace the tip. 

TINNING A SOLDERING IRON 

If a soldering Iron Is new or has just been 
forced, it will need to be tinned (coated with 
solder). To do so hold It In the vise and "dress" 
the point with a well-chalked file. Ey "dress- 
ing" Is meant filing to remove hammer marks 
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resulting from the forging process and to round 
off the sharp corners slightly. This is not al- 
ways required when a tinned iron is to be re- 
tlnned. Inspection will reveal if it is necessary. 
Then heat the copper tip hot enough so that it 
win readily melt solder. Try melting solder 
with the copper frequently as it is being heated, 
and as soon as it will melt solder, it is ready 
for tinning. 

To tin the copper, first quickly dip it into 
rosin or apply rosin core solder to the tip of 
the iron. The coating of solder is bright and 
shiny and very thin. It aids in the rapid trans- 
fer of heat from the iron to the work, 

SOLDERING PROCEDURE 

Many equipment failures can be attributed to 
poorly soldered joints. Since such equipments 
aboard ship are subjected to continual vibration 
and frequent shock, It Is imperative that all 
soldering be done with the utmost care. The 
following suggestions are presented in an effort 
to assist In effecting a good job of soldering. 

The parts to be soldered must be absolutely 
clean (free from oxide, corrosion and grease). 
During the cleaning process, when removing In- 
sulation from wire, care must be taken to avoid 
producing cuts or nicks which greatly reduce 
the mechanical strength of the wire, especially 
under conditions of vibration. 

The joint should be prepared just prior to 
soldering since the prepared surfaces will soon 
corrode or become dirty if it remains exposed 
to the air. 

The parts to be joined must be securely 
joined mechanically before any soldering is 
done. 

To solder electrical connections (fig 7-l&^, 
hold the soldering iron (copper) ben^atii thf; 
splice being soldered with as much mechanical 
contact as possible to permit maximum i^ieat 
transfer. Apply the rosin core solder to the 
splice. The tinning on the soldering Iron aids 
the transfer ol heat to the spliced wire wnlch, 
when hot enough, will melt the solder. Before 
this temperature is reached the I'osin core will 
have melted and run out over the wire to flux 
the splice. When the solder has coated the 
splice completely, the job Is finished. No extra 
solder Is needed. 

A good, well-bonded connection Is clean, 
shiny, smooth and round. It also approximately 
outlines the wire and terminal as shown fig- 
ure 7-20. 
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PRECAUTIONS 

One sizzling burn experience is usually 
enough to breed a healthy respect for hot ob- 
jects. When using a soldering iron or gun al- 
ways bear in mind the following: 

Electric soldering irons must not remain 
connected longer than necessary and must be 
kept away from flammable material. 

In order to avoid burns, always assume that 
a soldering Iron Is hot. 

Never rest a heated iron anywhere but on a 
metal surface or rack provided for this pur- 
pose. Faulty action on your part could result 
In fire, extensive equipment damage, and seri- 
ous injuries. 

Never swing an Iron to remove solder be- 
cause the bits of solder that come off may cause 
serious skin or eye burns or Ignite combustible 
materials in the work area. 

When cleaninn an Iron, use a cleaning cloth 
or damp sponge, but DO NOT hold the cleaning 
cloth or damp sponge in your hand. Always 
place the cloth or damp sponge on a suitable 
surface and wipe the iron across it to prevent 
burning your hand. 

Hold small soldering jobs with your pllera 
or a suitable clamping device. Never hold the 
work in your hand. 

Alter completing the task requiring the use 
of a soldering Iron, disconnect the power cord 
from the receptacle and, when the Iron has 
cooled off, stow It In Its assigned storage area. 
Do not throw Irons Into a toolbox. When storing 
Irons for long periods of time, coat the shaft 
and all metal parts with rust-preventive com- 
pound and store In a dry place. 

LUBRICATION 

If you grew up In a large city, perhaps the 
only connection you had with lubrication waa 
taking the family car to the garage or gasoline 
station for greasing and an oil change. If you 
grew up on a farm or had a car that you kept In 
running condition yourself, you are well aware 
of the need for regular lubrication of all moving 
parts. If your car ever burned out a bearing, 
you've had a lesson you are not likely to forget. 

F:.-MCTIONS OF LUBRICANTS 

Lubricants are used as coolants, to reduce 
friction, to prevent wear, and to protect against 
corrosion. 
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AT ASSEMBLY 

4 RESPONSE OeAK ADJUSTINO COUPLINO 
(COAT WORM TEETH) 

WEEKLY OR 30 HOURS OPER- 
ATION (MINIMUM) 

1 SHIFTING LEVER 

2 HANDWHEEL HOUSING 

(CHECK LEVEL AND REPLENISH) 

3 HANOWHECL HANDLES 

6 INBOARD HOUSiNO ASSEMBLY 
((FILL PLUO, I DRAIN PLUG) 

TRAIN ORDER AND RESPONSE HOUSING 
(3 FITTPHOS, I LEVEL PLUG ) 

:i TRAIN ORDER GEAR HOUSING 
( I FITTING, 3 LEVEL PLUGS) 

9 INTERMEDIATE RESPONSE DEAR HOUSING 
( I FITTING, I LEVEL PLUG) 

ID TRAIN INPUT FRONT HOUSING 

(Fr-LTHRU COVER, I LEVEL PLUG) 

11 TRAIN tNPPT REAR HOUSING 

( FILL THRU COVER, I LEVEL PLUG) 

12 WORM ANO WORMWHEEL HOUSING 
( 2 FILL P'.UOS. 2 DRAIN PLUGS) 

MONTHLY OR 120 HOURS OPER- 
ATION (MINIMUM) 

7 PILLOW BLOCK ASSEMBLY 



GENERAL LU BRICATION INSTRUCTIONS » 
REFER TO 0.0. 3000 



APPLICATION - EXERCISE PARTS WHILE 
LUBRICATING 

«E£2BI§ - SHIPS EXPERIENCING ANY OIFFI- 
ClfLTY WITH OPERATION OF THE EQUIP- 
MENT DUE TO LUBRICATION IN ACCORO- 
ANCE WITH THIS CHART 8H0UL0 SUBMIT A 
OETAILEO REPORT TO THE BUREAU Of ORD- 
NANCE WITH COPY TO THE NAVAL QUN 
FACTORY. 

CHECK-OFF L|9Tg,-PFOiJt:FO SIZE PHOTO- 
PRINT COPIES OF THESE CHARTS MAY BE 
OBTAINED FROM THE NAVAL GUN FACTORY 
FOR USE AS PERIOOIC C«ECK-OFF LISTS. 

REFERENCE CHARTS. - 

FOR LUBRICATION OF pt.AN ABOVE AND 
PLAN BILOWSH^LF PLATE SEE OR. NO. 
900209. 

FOR LUBRICATION OF RIGHT SIDE ABOVE 
SHELF PLATE SEE OR. NO. 809301. 

INDICATES WORM GEAR LUBRICANT " 



A INDICATES H 
(as, 1400) 



r\ INDICATES LIGHT MINERAL OIL (NAVY 
^ SYMBOL 3080 OR 2138)* 

□ INOICATZS BEARING GREASE 
(14-GlO (ORD)) 

"lubricants are shown in oroer of 
preference 



SYMBOL 
SPECIFICATIONS 



6IN. TRAINING GEAR MK.3 MOD. I 

(47 CAL. DOUBLE PURPOSE TWIN) 

LEFT SIDE ABOVE SHELF PLATE 

(LOOKING OUTG.'ARO) 

LUBRICiftTiON C HART 
I 5055gir 



Figure 7-21.— Lubrication chart showing lubricating oymbols, 
schedules of lubrication, and other Inatructlonfl. 
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Table 7-2 —Targets and Cor^ m '^^- » -y I-<ubricants Appearing on Lubrication Charts 

44.221 



TARGET 
SYMBOL 



O 





O 




A 




NAM': OK i.UBRlCANT 



Lubricating Oil, GentTal Pvirpose 



Lubricating Oil, General Purpose 



Lubricating Oil, Aircraft Rcciproeating 
(Piston) Engitie 



Lubricating Oil, Preservative, 
Light 



Lubricating Oil, Aircraft Inslruni ent, 
Low Volatility 



Lubricant, Worm Gear 



Grease, Elx'renie Pressure 



Grease, Bearing, for General 
Ordnance Use 



Grease, Instrument 



Lubricant, Ball, and Roller Bearing 



Lubricants, Fluids, Preservatives, etc.. 
Other Than Those Indicated Above 



SPECIFICATION 



iVlIL-L-15016 (MS 3042) 
(Supersedes NS 3042) 



MIL-L-15016 (MS 3050) 
(Supersedes NS 3050) 



MIL-O-6082 (Grade 1065) 
(Supersedes NS 1065) 



MIL-L-3503 

(Supersedes 14L17 (Ord)) 



MIL-L-6085 
(Supersedes 14-0-20 
(Ord)) 



MIL-L-18486 (NOrd) 
(Supersedes OS 1400) 



MIL-G-17740 (NAVY) 
(Supersedes 14G9 (Ord)) 



MIL-G-16908 (BuOrd) 
(Supersedes 14G10) 

MIL-G-15793 (BuOrd) 
(Supersedes 14G8 (Ord)) 



MIL-G-18709 (NAVY) 
(Supersedes 14L3) 



As Specified 



Used To Designate Spe- 
':ial Notes, -References, 
and Instructions 
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In mechanical devices, lubrication is neces- 
sary to minimize friction between moving parts. 
Only the presence of a layer or film of lubricant 
between metal surfaces keeps the metals from 
touching. Moving parts "ride" on this film. As 
a result, friction is reduced between the moving 
parts. 

Prolonged operating life is ensured when the 
thinfilm of lubricant keeps metal surfaces from 
direct contact with each other. If the film dis- 
appears, you have "hot-boxes," burned out and 
frozen bearings, scored cylinder walls, leaky 
packings and a host of other troubles. Appro- 
priate use of proper lubricants minimizes 
possible damage to equipment. 

LUBRICANTS 

Lubricants are of two general classes— oils 
and greases. Oils are fluids; greases are 
semisolid at ordinary temperatures. For many 
applications, liquid lubricants are more suit- 
able than greases, particularly if the lubricant 
can be retained, as In an oil bath, a gear box, or 
in a forced-feed system. Where conditions are 
such that oil is not readily retained, or addi- 
tional protectiori against corrosion Is needed, 
greases are use^. 

CHARTS AND INSTRUCTIONS 

How do you know which oil or grease to se- 
lec* for a particular application? Lubrication 
charts and instructions will provide this 
information. 

Lubrication Instructions are Issued for all 
naval equipment requiring lubrication. Such 
Instructions may be Issued as lubrication 
charts, maintenance requirement cards, no- 
tices, or any combination of these. 

Lubrication charts (fig. 7-21) generally in- 
dicate the approved lubricant: tubricatlon 
points, frequency of lubrication, aiic the target 
symbol (table 7-2) of the lubricant. 

GREASE GUNS 

The types of grease guns shown in figure 
7-22 operate on the same principle, but differ 
in the ways they are loaded. You load one type 
by removing a cap that comes off with the handle 
and stem, and filling the body with grease, using 
a paddle or spatula. \s you ml^t exptot, this 
method of loading can be messy, and it also ex- 
poses the lubricant to dirt and moisture. 



In a secon<j type, you load by inserting a 
prepacked cartridge of grease into the body of 
the gun. This loading method is fast and clean. 
The gun shown in figure 7-22A also loads fast 
and clean. You load it by removing the cap nut 
from the end of the hollow handle and forcing 
grease In through the handle with a hand gun 
loader (fig. 7-23A),or a bucket-type lubricant 
pump (fig. 7-23B). 

The hand gun loader is a 25-pound container 
equipped with a hand-operated pump and a fit- 
ting that mates with the opening in the handle of 
the grease gun. The bucket-type lubricant 
pump makes use of a loader adapter and loader 
valve when it is used for loading a grease gun. 
One pound of lubricant is delivered with every 
seven full strokes of the pump. The loader will 
deliver lubricant only when the gun is placed on 
the loader valve. You can see how much less 
messy the loader Is than the paddle, and how It 
protects the lubricant against contamination. 
Besides, you don't have to run back to the store- 
room to refill your gun. 

Different nozzles can be attached to the 
grease guns for different types of fittings. The 
lubricant pump also has various couplers and 
adapters that attach to the hose, so that the 
pump can be used on different fittings. 

Grease guns can be used for oil if the point 
to be lubricated has the proper fitting, or an oil 
gun (fig. 7-22E) may be used. 



FITTINGS 

Grease fittings are of several types- 
hydraulic (unofficially called the Zerk fitting), 
buttonhead, pin-type, and flush (fig. 7-24). 

The hydraulic fitting protrudes from the 
surface Into which It Is screwed, and has a 
specially shaped rounded end that the mating 
nozzles of the grease guns can grip. A spring- 
loaded ball acts as a check valve. The nozzle 
will not slip off the fitting during lubrication, 
but can be easily disengaged by a quick forward- 
backward movement. Figure 7-24A shows a 
cross section view of a straight hydraulic fit- 
ting and figure 7-24C shows angled hydraulic 
fittings made for lubrication points that are 
hard to reach. 

The flush fitting (fig. 7-24B) .s flush wlUi 
(or below) the surface Into which It Is set, so 
that it will not interfere with moving parts. It 
is also used where there Is not sufficient clear- 
ance to Install protruding fittings. 
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HYDRAULIC COUPLING 

/ 




A GREASE GUN WITH COUPLING FOR HYDRAULIJ 
{Zb'MK) FITTING 




B PUSH-TYPE HAND GUN 




C LEVER-OPERATED GREASE GUN 





[ 'UCTION AND OIL GUN 
WITH NOZZLES 



ONE-HAND LEVER GUN 
WITH HYDRAULIC COUPLER 



83,120 



Klgure 7 -'^ii.— Hand-operated grease guns. 



Button-head and pin-type fittings (figs. 7-24D 
J E) provide a more positive connection with 
''6 grease gun. A simple quarter turn of the 
r ease gun on the pin-type fitting locks the con- 
' xtlon between the gun and the fitting. 



The oil cup with ball valve (fig. 7-24F) is 
the most popular for oil fittings. 

Plastic protective caps often are provided 
for u3e on hydraulic fittings to prevent th^* 
entrance of dirt and water, and to protect t' e 
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HAND GUN LOAOER 



0-FT H05C WtTH 
HYDRAULIC COUPLER 




BUCKET TYPE LUBRICANT PUMP ^ 



Figure 7-23.— Hand-operate * grease pumps. 



H3,121 



fittings during i^e renoval, ^jainting and sirii- 
lar operations. The caps also prevent the 
greases from hardening In the fitting If avail- 
able, use them after you h?ve completed > jur 
lubrication task. 

USING A HA>^D-OPERATLD 
GREASE GUN 

To use a push-t/pe, aand-o;.eratei grease 
gun, you c nnect the nozzle of the gun to its 
corresponding fitting at the lubrication point 
and work the handle in and out. To connect the 
gun, align the nozzle and the fitting end-to-end 
and push on the gun handle so the nozzle siips 
over the hydraulic fitting or into the flush fit- 
ting. At the same time that the nozzle mates 
with the fitting, the handle moves inward to 
build pressure Inside the gun to force grease 
out of the nozzle and Into the fitting. Then, let 



up on the aandle a moment. A spring In the 
gu;; will then force the handle out a little way 
and prepare the gun for another Inward stroke 
of the handle. 

WTien you connect the push-type gun to a hy- 
draulic fitting, the nozzle grips the fitting and 
is held firmly only as long as the nozzle and 
fitting are aligned or until pulled free. In con- 
necting the gun to a flush type fitting, however, 
you must keep a steady pressure on the fitting 
because the nozzle doesn't grip the fitting (fig. 
7-24B). 



LUBRICATING PROCEDUPL 

As with other routine jobs. It helps to have a 
standard operating procedure that you can ha- 
bitually follow. Here's one that will be helpful 
when lubricating. 
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Chapter 7-- MISCELLANEOUS TASKS 



I ■ 1 




STRAIGHT FLUSH TYPE 

HYDRAULIC WITH FLUSH TYr'E GREASE 

GUN NOZZLE INSERTED 



c 




_ : BUTTON-HEAD 

HYDRAULIC FITTINGS TYPE 
FOR DIFFERENT ANGLES 



L First, consult the lubrication chart to 
learn the location of each fitting. 

2. After locating a fitting, clean it with a 
iUUless ».:loth, 

3, Apply the correct amount of ihe specified 
luLncant. (Be careful of the anuuntyou apply— 
too much will cause excessi-'^* h;r?at in the bear- 
ing and strain the v^rease i eiviiners, while too 
little is on a par w^.a too late,) 

4, Wipe all excess grease f'-om around the 
fitting. 

5. Check off the fitting on your ^' . A 
fitting must not be :uissed lust becau. • r 
battered or frozen, A battered fitting 
replaced, o "frozen" fitting probably v 
that the oi. ^ -ij throughout the bearin^ 
clogged. Th 'rMns tearing down the f.'^a- ^ 
and cleaning c^-.i p'^'ts carefully. Gret{t»»^ 
fitting even i:. . - ^uires an hour ol r.^ .x s 
work I 



[i , [_[ 

PI^^HEAOTYPE (BaLLVaTvE) 

F.gvxre 7-24. — Lubriration fittings. 

83.122 
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INDEX 



A 

Adjustiible wrenche&s 11-13 
Allen-type wrenches, 13 
Auger hits, 40 



B 

Belt Sander, 65 

Bench and pipe vise, 53 

Bench grinder, 75-77 

Eiacksmith's vise, 53 

Bolt cutters, 16 

Bolts. 113, 115 

Bering tools, 40-45 

'jOx wrenches, 7 

Braces, 41-45 

Bristol wrench, 13 

Built-la safety equipment, 60 



C 

Calipers, 82-91 

Camloc fasteners, 120 

Capscrews, 117 

Carpenter*s hanxzner, 3 

Carpenter's square, 97 

C-clamp, 53 

Clamp base vise, 53 

Chain pipe wrench, 12 

Channel-lock pliers, 50 

Charts and instructions, 172-175 

fittings, 172 

grease guns, 172 

lubricating procedure, 174 

using a hand-operated grease gun, 174 
Chipping hammer, portable pneumatic, 70 
Chisels, 19 

Circular saw, portable, 66 
Combination square, 99 
Combination wrench, 7 
Cotter pins, 122 



Countersinks, 25 

Cros^-cut saws, b6 

Cutting metal with chisels, 141 

Cutting metal with drUls, 142-145 

Cutti^^: piping an^- tubing, 157 

Cutting tbxjads, 146-154 



D 

Decimal equivalents of drill sizes, 2G 

Depth gage, 10] -103 

Diagonal pljers, 51 

Dies, 29-32 

Disk sandcr, 64 

Dividers, 109 

Drill presa, 72-7: 

Drills, 41-45 

Drills, portable electric, 6ij 
Duckbill pliers, 51 
Dzus fastener, 120 



Electric impact wrench, 68 

Electric power :ool.3, pcrr >le, 63-69 



F 

Fastening components and pj.ocedv es, 112-125 

n.etal fastening dovi .^s, ^'.4-120 

rivets, 123-125 

safetying methcds, 12 

tui'nlock fasteners, 120 

woodworking fapteners, 112-114 
Feeler gage, 104 
Files, 20-25 

care of, 24 

filing operations^ 22 

grades, 21 

safety, 24 

shapes, 21 
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INDEX 



Daring toolh). 34 
Flashlight, 3 7 
Fluxes. 167 



G 

Glovcfa, j9 
Gogiiles, 59 
Grinders, portable, 6o 
Grinding op^irations, 126-140 

grinding wheels, 126-129 

sai'ety 126 

selecting and using the wheel, 129-140 
G'-indiag wheel selection and use, 129-140 
center punch sharpening, 133 
chisel head grinding, 135 
grinding metal stock, 131-133 
hand sharpening twist drills, 13S 
installing the wheel, 130 
screwdriver tip dressing, 133 
sharpening a twist drill by machine, 139 
sharpening a twist drill for drilling brass, 
139 

sharpening metal-cutting chisels, 136-138 
thinning the web of a twist drill, 139 
tin snips sharpening, 134 
truing and dressing the wheel, 131 
Grinding wheels, 126-129 

markings and com{)08ition, 127 
sizes and shapes, 127 



H 

Hacksaws, 17-19 

Hammers, 3 

Hand screw clamp, 53 

Hard tube bender, 159 

Handsaws, 35-39 

cross-cut and rip saws, 36 
saw precautions, 36 
special purpose saws, 36 
use and care of, 37 

Handtools, 1-60 

metal cutting tools, 14-27 
miscellaneous tools, 56-60 
pliers, 48-55 
punches, 27-34 
screwdrivers, 47 
sharpening stones, 55 
striking tools, 3 
turning tools (wrenches), 5-14 
vipes and clamps, 52-55 
woodcutting handtools, 34-46 



I 

Impact wrench, electric, 68 

Impact wrench, portable pneumatic, 71 

Inspection mirror, 58 



K 

Keys, 119 
Knives, o6 



L 

Levels, 110 
Lubrication, 169-172 

functions of lubricants, 169 

lubricants, 172 



M 

Machine £ rews, 116 
Machinist's bench vise, 52 
Machinist's hanoLmer, 3 
Maintenance of striking tools, 4 
Mallets, 4 
Marking gages, 108 

Measuring tools and techniques, 78-111 
micrometer, 91-97 
miscellaneous gages, 101-111 
rules and tapes, 78-82 
simple calipers, 82-87 
squares, 97-101 
vernier caliper, 87-91 
Mechanical fingers, 57 
Metal cutting operations, 141-158 
cutting piping and tubing, 157 
reaming operations, 154-157 
threads and thread cutting, 145-154 
with chisels, 141 
with drills, 142 
Metal cutting tools, 14-27 
Metal fastening devices, 114-120 
Micrometer, 91-97 
care of, 97 

m'^^suring a flat surface, 96 
meanuring hole diameters with an inside 

micrometer caliper, 95 
measuring round stock, 96 
reading a micrometer caliper, 93 
reading a vernier micrometer calip>er, 
94 

selecting the proper micrometer, 92 
g 5 types of, 92 
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TOOLS AND THEIR USES 



N 

Nails. 112 

Needle imixict scaler, 70 
Needle-nose pliers, 51 
Nonsparking wrenches, 13 
Nuts, 118 



O 

Open-end wrenches, 5-7 
Orbital sander, 65 



P 

Personal safety equipment, 58 

Phillips screwdriver, 48 

Pins, 119 

Pipe cutters, 33 

Pipe vise, 53 

Pipe wrench, 1 1 

Planes, 39 

Pliers, 48-55 

Plumb bob, 109 

Pneumatic power tools, portable, 69-72 
Pop rivets, 124 

Portable electric power tools, 63-69 
circular saw, 66 
drills, 63 

electric impact wrench, 68 
grinders, 66 
snber saw, 68 
L.inders, 64 
Portable pneumatic power tools, 69-72 
chipping hammer, 70 
impact wrench, 71 

needle and rotary impact scalers, 70 
safety, 69 

Power tools, 61-77 

common power machine tools, 72-77 
portable electric power tools, 53-69 
portable pneumatic power tools, 69-72 
safety, 61-63 

Protective helmets, 60 

Punches, 27-34 



R 

Reamers, 26 

Reaming operations, 154-157 
burr removal, 157 
straight holes, 155 

tapered holes and pin installation, 155 



Reed and Prince ricrewdriver, 48 
Removing broken bolts r nd studs, 161-165 
Rip saws, 36 
Rivets, 123-125 

selection o: i25 

types of, 1?3 
Rod saws, 19 
Rotary impact scaler, 
Rules and tapes, 78-82 

care of, 82 

measuring procedures, 79-82 



S 

Saber saw, 68 
Safety 

belts and straps, 59 

hacksaw, 18 

poster, 61 

power tools, 61-63 

shoes, 58 

snips, 15 

ten commandments of, 1 

vise and clamp, 54 

wiring, 122 

wrenches, 14 
Safetying methods, 121-123 
Sanders, 64-66 

Scalers, needle and rotary, 70 
Screw extractors, 33 
Screwdrivers, 47 

ratchet, 48 

recessed, 47 

safety, 48 

standard, 47 
Setscrew wrenches, 13 
Setscrews, 117 
Sharpening stones, 55 
Shears, 14 

Side-cutting pliers 51 
Simple calipers, 32-86 

care of, 86 

use of, 83-86 
Sledges, 4 
Slide caliper, 86 
Sliding T-bevel, 98 
Slip-joint pliers, ^3 
Small hole gage, 107 
Snips, 14 

Socket wrenches, 8 

Soldering, 166-169 
fluxes, 167 
precautions, 169 
soldering gun, 168 

, . soldering irons, 168 



178 



INDEX 



Soldering — Continued 

soldering procedure, 169 
soldering tools, 167 
solders, 16S 

tinning a soldering iron, 168 
Spanner wrenches, 13 
Spring benders, 159 
Squares, 97-101 
Standard rivets, 123 
Stillson, 11 
Strap wrench, 12 
Striking tools, 3 
Stripping insulated wire, 165 
Surface gage, 103 
Surface pl^te, 103 



Tap extractors, 33 

Taps, 29-32 

Telescoping gage, 107 

Ten ccmmandents of safety, 1 

Thickness (feeler) gage, 104 

Thread chEsers, 32 

Thread gage, 105 

Tlireads and tiiread cutting, 145-154 
cutting external pip^ threads, 153 
cutting internal pipe threads, 152 
cutting machine threads with dies, 148-150 
cutting machine threads with taps, 146-148 
reconditioning machine threads, 150-152 
tap drill determination, 146 
thread terminology, 145 



Toolbox, Navy, 2 
Torq-Set screws, 48 
Torque wrenches, 9-11 
Try square, 98 
Tube cutters, 34 
Turning tools, 5-14 
Tumlock fasteners, 120 
Twist drills, 25 



Vernier caliper, 87-91 
care of, 91 

principles of the vernier scale, 87 
reading a vernier caliper, 88-91 
vernier scale arrangement, 88 

Vise-grip pliers, 50 

Vises and clamps, 52-55 



W 

Washers, 119 
Water-pump pliers, 50 
Wire gage, 106 
Wire-twister pliers, 51 
Wood chisels, 45 
Wood screws, 112 
Woodcutting handtools, 34-46 
Woodworking fasteners, 112-114 
Wrenches, 5-14 
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